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Foreword 


Men diagnosed with prostate cancer, and the physicians who 
care for them, are faced with a wealth of information about this 
disease, including a variety of treatment options. Conflicting expert 
opinions make it especially difficult to choose with confidence the 
right treatment at the right time. This new edition of the ABC 
series, “ABC of Prostate Cancer,” provides a clear, comprehensive, 
up-to-date overview of all aspects of the diagnosis and treatment of 
prostate cancer. It might have been called “Prostate Cancer from A 
to Z.” In essence, it is a collection of chapters by world renowned 
experts in the field. Clearly written, comprehensive yet concise, 
and beautifully illustrated, this volume will provide a good starting 
point for physicians and medical personnel who are not experts in 
prostate cancer. The volume is thorough and covers virtually every 
aspect of prostate cancer treatment. The chapters on new treatment 
approaches are particularly impressive. 

Weare living through a revolutionary time in the development of 
systemic therapy for prostate cancer, including hormonally active 
agents such as abiraterone and MDV3100, the new antiandrogen 
produced by Charles Sawyers and developed by the Medivation. The 
first vaccine for prostate cancer approved by the United States FDA, 
sipuleucel-T, has launched a new era in the immunotherapy of can- 
cer. This volume describes those advances and recently approved 
systemic chemotherapy drugs in detail. For localized prostate can- 
cer, the chapters on robotic assisted laparoscopic prostatectomy 
and on focal therapy, an unproven yet highly attractive approach 
now undergoing testing in clinical trials, are well presented. 


The reader should be cautioned, however, that these chapters 
represent the optimistic view of experts who are advocates for the 
diagnostic or treatment approach that they describe. The chapters 
do not represent the consensus of a multidisciplinary panel of 
experts. That makes this book an excellent place to start when 
one is interested in a concise, state-of-the-art overview of each 
approach, but more information would be necessary before a final, 
informed decision should be made. 

As the author of a book on prostate cancer for the layman 
and a practicing physician myself, I often point out to patients 
that prostate cancer is a condition that warrants a second or even 
third opinion from experts across the fields of urology, medical 
oncology and radiation oncology before a final decision is reached. 
A thoughtful patient is wise to ask his personal physician to help 
digest the sometimes contradictory opinions offered by specialists. 
Those of us within the field of prostate cancer know that how well 
a treatment is delivered is as important as which treatment one 
chooses, so experience and expertise in the chosen treatment is 
crucial to realizing the best outcome. 

The medical community should welcome this new approach to 
providing comprehensive yet concise information about the state 
of the art for prostate cancer. The authors of these chapters and the 
editors who organized this new text should be congratulated. This 
is a fine place to begin to learn about one of the more complicated 
and controversial diseases that men face. 


Peter T. Scardino, MD 

The David H. Koch Chair 

Chairman, Department of Surgery 
Memorial Sloan-Kettering Cancer Center 
New York, NY, USA 
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Applied Anatomy of the Prostate 
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and Ashutosh Tewari! 
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OVERVIEW 


e The prostate is composed of four zones: transitional, central, 
peripheral, and anterior fibromuscular stroma 

e The ejaculatory ducts open into the prostatic urethra on either 
side of the verumontanum 

e The external urethral sphincter (both voluntary and involuntary 
elements) lies immediately distal to the verumontanum while the 
internal urethral sphincter (involuntary) lies at the bladder neck 


e The prostate lies in a hammock of nerves which can be divided 
into three zones: proximal neurovascular plate, predominant 
neurovascular bundles, and accessory distal neural pathways 
Cavernous nerves exceed the posterolateral track and distribute 
in a more widespread range from anterolateral to posterior of 
the gland 


The prostate is surrounded by prostatic fascia andendopelvic 
fascia, with Denonvillier’s fascia separating it from the fascia 
propria of the rectum 


The basic anatomy 


The prostate gland develops after puberty as a result of the testos- 
terone surge. It reaches a size of 20cc in the normal adult, measuring 
3 cm in length, 4 cm in width, and 2 cm in depth. Its size and shape 
can be approximated to that of a walnut. It is located at the base 
of the bladder, where it surrounds the proximal urethra. In this 
position, it lies above the urogenital diaphragm between the rectum 
and the symphysis pubis (Figure 1.1). It is described as having ante- 
rior, posterior, and lateral surfaces. Its base is contiguous with the 
bladder and its apex narrows inferiorly. There is no ‘true’ capsule 
to the prostate, but rather a ‘false’ capsule of fibromuscular stroma 
which disappears towards the apex of the gland. The prostate is 
surrounded by fascial structures (Figure 1.2) anteriorly and antero- 
laterally by the prostatic fascia, and posteriorly by Denonvillier’s 
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Figure 1.1 Sagittal section of the male pelvis. 


fascia which separates it from the fascia propria of the rectum. 
Laterally, the prostatic fascia merges with the endopelvic fascia 
(also called the lateral pelvic or levator fascia). The prostatic base is 
covered with a posterior layer of detrusor apron from the bladder 
muscle. Abutting the prostate posteriorly are the seminal vesicles 
and vasa (ducti) deferentia (Figure 1.3). 

The prostate gland itself is composed of ducts and alveoli that 
are lined by tall columnar epithelium (70%) within a stroma of 
fibromuscular tissue (30%). The urethra does not run straight 
through the middle of the gland as is the common medical student 
misconception, but rather takes a curved course, running anteriorly 
as it proceeds from proximal to distal, such that it ends up close to 
the prostate’s anterior surface. It is lined by transitional epithelium 


2 | ABC of Prostate Cancer 


Levator ani 


Dorsal vein complex 


Urethra 


Bladder 


“— Ureter 


Vas Deferens 


Seminal Vesicle 


Prostate 


Urethra 


Figure 1.3 The posterior relations of the prostate. 


throughout most of its length, and squamous epithelium at its 
distal end, hence, cancer of the urethra is either transitional cell 
or squamous cell carcinoma, and not adenocarcinoma as for the 
prostate. Those urothelial cancers are highly aggressive. A urethral 
crest runs the length of the prostate and disappears in the striated 
external urethral sphincter (rhabdosphincter). The prostatic sinuses 
run alongside the crest and all the prostatic glands discharge 
into this. The small slit of the prostatic utricle is found on the 
verumontanum (colliculus). The ejaculatory ducts open just lateral 
to the verumontanum and this is where the seminal vesicle contents 
are discharged (via the vasa) during emission (Figure 1.4). This 
allows the seminal fluid to mix with the prostatic secretions such 
that the final ejaculate is a mixture of these two components. 
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Neurovascular 
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Rectum 


Figure 1.2 Fascial relations of the prostate. 
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Figure 1.4 Cross-sectional anatomy of the male lower urinary tract. 


Just proximal to the verumontanum is the external urethral 
sphincter (EUS) which is a horseshoe-shaped structure which 
surrounds the prostatic apex craniodorsolaterally, is deficient pos- 
teriorly, and has both striated (voluntary) and smooth muscle 
(involuntary) components. Hence, during a transurethral resection 
of the prostate (TURP) for benign prostatic enlargement (BPE), the 
verumontanum serves as the limit for proximal resection so that the 
EUS is not damaged. The internal urethral sphincter is located at 
the bladder neck where the prostato-vesical junction is, and is purely 
under involuntary control (hence, it is composed of smooth mus- 
cle). Itnot only completes the continence mechanism but also makes 
antegrade ejaculation possible. The internal urethral sphincter is 
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invariably damaged during a TURP so that, were the EUS to also 
be damaged, then urinary incontinence would be inevitable. This 
is why the verumontanum (or ‘verw’ to those that know it well) is 
such an important landmark during TURP. 


Lymphovascular supply 


The arterial supply to the prostate arises from the inferior vesical 
artery (itself a branch of the internal iliac artery). As the inferior 
vesical artery approaches the prostate gland, it becomes the pro- 
static artery. This then divides into two main groups of arteries: 
the urethral group and the capsular group. The urethral arteries 
penetrate the prostato-vesical junction posterolaterally and travel 
inward, perpendicular to the urethra. They approach the bladder 
neck in the 1- to-5 o’clock and 7- to-11 o’clock positions, with the 
largest branches located posteriorly. The capsular artery gives off a 
few small branches to the false capsule of the prostate, but, in the 
main, runs posterolaterally to the prostate along with the cavernous 
nerves (to form the so-called neurovascular bundle), before ending 
at the urogenital diaphragm. 

The venous drainage of the prostate is via the periprostatic plexus 
of veins to both the dorsal venous complex (of Santorini) superiorly 
and the inferior vesical vein to the hypogastric vein. These then 
both drain into the internal iliac vein. The dorsal venous complex 
(DVC) lies over the anterior aspect of the prostate and is the 
commonest source of bleeding during a radical prostatectomy. Just 
lateral to the DVC are the puboprostatic ligaments (PPL) which 
are condensations of the endopelvic fascia and attach the prostate 
to the pubic symphysis. The PPL may be important in maintaining 
continence, and are thus often spared during radical prostatectomy. 

As is true of much human anatomy, the lymphatic drainage 
of the prostate follows that of the veins. Hence, for the prostate, 
this is to the obturator and hypogastric nodes, and then on to the 
internal iliac and aortic nodes. It is important to note, however, that 
prostatic lymphatic drainage is not always predictable in a stepwise 
manner, and 25% of cases of prostate cancer drain directly to nodes 
outside the pelvis (internal iliac or higher), making the extent of 
pelvic lymphadenectomy in high-risk prostate cancer a subject of 
much debate. 


Zonal anatomy 


Throughout the nineteenth century, the prostate was described as 
having two lobes, with each lobe having its own ducts. In 1906, 
Howe described a middle (or median) lobe. In 1912, Lowsley 
described five lobes: two lateral lobes, a posterior lobe, the middle 
lobe, and an atrophied embryological anterior lobe. However, these 
lobes were visible only in BPE and not the normal prostate. This 
lobar concept thus left much to be desired, and in 1968, McNeal 
replaced it with his concentric zones concept (Figure 1.5). 

The transition zone consists of 5—10% of the glandular tissue 
of the prostate and is responsible for most of the BPE that affects 
the prostates of older men. The prostatic ducts lead into the 
junction of the pre-prostatic and prostatic urethra, and travel on 
the posterolateral aspects of the EUS. 


w 
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Figure 1.5 McNeal’s zones of the prostate. 


The ducts of the central zone arise circumferentially around the 
openings of the ejaculatory ducts. These glands are histologically 
distinct and appear to be Wolffian (mesonephric) in embryological 
origin. Only 1—2% of prostate cancers arise from this zone. 

The peripheral zone makes up 60% of the prostatic volume. Its 
ducts drain into the prostatic sinus along the entire length. Some 
70% of carcinomas arise from this zone which is also commonly 
affected by prostatitis (hence, prostatitis and cancer can co-exist 
in men). 

The anterior fibromuscular stroma makes up approximately 
30% of the gland, and extends from the bladder neck to the EUS 
anteriorly. It is compressed in BPE and rarely involved in prostate 
cancer, though anterior cancers should be suspected when repeat 
conventional prostatic biopsies which do not sample the anterior 
aspects well come back negative; hence, the use of saturation or 
template biopsies to sample these anterior aspects. 


Neuroanatomy 


Using dissections of male fetuses and newborn cadavers, Walsh 
and Donker first demonstrated the course of the cavernous nerve 
(the main nerve responsible for erectile function). This led to the 
concept of the macroscopic neurovascular bundle (NVB) that is 
located between the endopelvic and prostatic fasciae and runs along 
the posterolateral aspect of the prostate until it enters the urogenital 
diaphragm. However, recently, there have been observations that 
refute the dogma that the cavernous nerve is always within the 
NVB. Using intraoperative electrical stimulation with simultaneous 
measurement of intracavernosal pressure, our group, as well as 
others, discovered that the distribution of cavernous nerves was 
wider than that of the neurovascular bundle. Our group described 
the distribution of these nerves and they can be thought of as 
forming three broad zones: the trizonal concept. 

The first zone is the proximal neurovascular plate (PNP) which is 
located lateral to the bladder neck, seminal vesicles, and branches of 
the inferior vesical vessels. Proximally, the PNP is derived from the 
pelvic (inferior hypogastric) plexus and cavernous nerves run in its 
most distal part. It is not only composed of parasympathetic nerves 
as commonly thought, but also has sympathetic contributions from 
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Figure 1.6 Anatomy of the cavernous nerves. 


the hypogastric nerve. The second zone is the predominant neu- 
rovascular bundle (PNB) which corresponds with the classical 
NVB. The PNB is located between the endopelvic and prostatic 
fasciae at the posterolateral aspect of the prostate (the same as 
the NVB). The third zone is the accessory distal neural pathways 
(ANP). These smaller accessories off the PNB travel in the prostatic 
and Denonvillier’s fasciae, and may serve as additional conduits 
for neural impulses to both the cavernous tissues and the EUS. 
The ANP can cross from one side to the other, and thus may also 
serve as a safety mechanism to provide back-up neural cross-talk 
between the two sides. 

The prostate can be thought of as lying within a hammock of 
these nerves, so that the neural zones surround the majority of 
the gland. This concept is then very different to the conventional 
concept wherein the prostate lies between two NVBs that course its 
posterolateral aspects like train tracks. 

Recent results show that the posterolateral accumulation of 
nerves (the NVB) is supplemented by additional main localisations 
in the anterior mid-part of the prostate and, even more so, on the 
posterior surface of the prostatic apex. The main extra-capsular pro- 
static nerves expand from the base to the mid of the prostate before 
they narrow in the posterolateral and posterior sectors around 
the prostate. The extent of these additional localisations of nerves 
seems to vary from individual to individual. 


There is evidence for clear differences between the main localisa- 
tions of nerve qualities along the prostate. Currently the consensus 
opinion for the most likely localisation of the nerve fibres respon- 
sible for erectile functionality is the posterior margin of the NVB. 
Recent studies provide a differential mapping of nerves of different 
characteristics. The localisations of cavernous nerves considerably 
seem to exceed the course of the posterolateral NVB both in the 
anterior and, to an even greater extent, in the posterior direction, 
resulting in a main localisation of erectile nerve fibres along an 
oblique shape in a base-lateral towards postero-apical track around 
the prostate (Figure 1.6). 


Further reading 


Sievert KD, Hennenlotter J, Laible I, Amend B, Schilling D, Anastasiadis A, 
et al. The periprostatic autonomic nerves: bundle or layer? Eur Urol 
2008;54(5):1109-16. 

Takenaka A, Tewari A, Hara A, Leung RA, Kurokawa K, Murakami G, et al. 
Pelvic autonomic nerve mapping around the prostate by intraoperative 
electrical stimulation with simultaneous measurement of intracavernous 
and intraurethral pressure. J Urol 2007;177(1):225-9. 

Tewari A, Peabody JO, Fischer M, Sarle R, Vallencien G, Delmas V, et al. An 
operative and anatomic study to help in nerve sparing during laparoscopic 
and robotic radical prostatectomy. Eur Urol 2003;43(5):444—54. 

Tewari A, Takenaka A, Mtui E, Horninger W, Peschel R, Bartsch G, Vaughan 
ED. The proximal neurovascular plate and tri-zonal neural architecture 
around the prostate gland: importance in the athermal robotic technique 
of nerve-sparing prostatectomy. BJU Int 2006;98(2):314—23. 

Walz J, Burnett AL, Costello AJ, Eastham JA, Graefen M, Guillonneau B, et al. 
A critical analysis of the current knowledge of surgical anatomy related to 
optimization of cancer control and preservation of continence and erection 
in candidates for radical prostatectomy. Eur Urol 2010;57(2):179-92. 


Acknowledgements/Disclosures 


Prasanna Sooriakumaran is the ACMI Corp. Endourological Soci- 
ety Fellow 2010-2011, and also receives financial support from 
Prostate UK. 

A.K.T. discloses that he is the principal investigator on research 
grants from Intuitive Surgical Inc. (Sunnyvale, California, USA), 
the Prostate Cancer Foundation and the National Institute of 
Bioimaging and Bioengineering (RO1 EB009388-01); he is also the 
endowed Ronald P. Lynch Professor of Urologic Oncology and 
Director of the LeFrak Institute of Robotic Surgery, Weill Cornell 
Medical College. 


CHAPTER 2 


Pathology of Prostate Cancer 


Murali Varma! and Ashish Chandre 


University Hospital of Wales, Cardiff, UK 


2Guy’s and St. Thomas’ Hospital NHS Foundation Trust, London, UK 


OVERVIEW 


Most prostate cancers are adenocarcinomas but other forms of 
cancer may rarely arise within the prostate 


The diagnosis of prostate cancer is based on a constellation of 
architectural and cytological features, almost none of which is 
individually diagnostic for malignancy 


Equivocal prostate biopsies are difficult to resolve due to the 
non-targeted nature of the biopsies and the unfeasibility of 
excision biopsy of the prostate gland 


Low volume cancer in prostate needle biopsies does not reliably 
predict minimal cancer in the prostate gland 


The Gleason grading system, which is one of the most powerful 
prognostic indicators of prostate cancer, is based solely on 
architectural features and records the most prevalent and 
second most prevalent grades of the tumour 


Introduction 


While prostate cancer may be suspected on clinical, biochemical 
and radiological grounds, in most cases, histopathology remains the 
only definitive diagnostic modality. Moreover, in conjunction with 
serum prostate specific antigen (PSA), pathology plays a pivotal 
role in distinguishing indolent prostate cancers that ‘old men die 
with from clinically significant cancers requiring radical therapy. 

In this chapter, we will briefly outline the morphological features 
used to make a diagnosis of prostate cancer and pathological 
prognostic factors (with emphasis on the Gleason grading system), 
followed by a discussion of the role of prostate needle biopsies in 
contemporary management of prostate cancer. 


Morphology of prostate cancer 


Most prostate cancers are of prostatic glandular origin, i.e. ade- 
nocarcinoma, though occasionally other forms of cancer such as 
urothelial (transitional cell) carcinoma and small cell carcinoma 
may arise within the prostate. 
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The recognition of prostate cancer is made by a combination 
of architectural and cytological features. The architectural features 
that are assessed at low to medium power magnification include 
small, irregular shapes of glands that are closely packed together and 
show an infiltrative growth pattern with malignant glands extending 
in between normal glands. These architectural features are more 
difficult to appreciate in needle biopsies with a small number of 
atypical glands as compared to transurethral resection specimens. 
The most important cytological features of prostate cancer are 
nuclear enlargement, prominent nucleoli and the absence of a basal 
cell layer. Unlike the glands of prostatic adenocarcinoma that are 
lined by a single layer of epithelial cells, benign prostate glands that 
are lined by an inner layer of secretory cells and an outer layer of basal 
cells (Figure 2.1a). This basal cell layer may be difficult to identify 
on routine staining but is highlighted by immunohistochemistry 
for basal cell markers such as high-molecular weight cytokeratin 
and p63 (Figure 2.1b). However, none of these features are entirely 
specific for malignancy. For example, a pseudo-infiltrative pattern 
is often evident in benign conditions such as atrophy and the 
nuclear abnormalities described above may be present in benign 
glands adjacent to inflammation. Radiotherapy-related changes in 
benign glands are a particularly treacherous mimic of prostate 
cancer as cytological atypia in benign glandular epithelium is 
seen in association with a pseudo-infiltrative pattern secondary to 
radiation-induced atrophy. On the other hand, some variants of 
prostate cancer may show only minimal cytological atypia and be 
mistaken for benign hyperplasia or atrophy. 

When several of the features of cancer and none of the features 
of benignity are present, the diagnosis of prostate adenocarcinoma 
can be made with confidence. However, in other cases, the degree 
of atypia may be insufficient to permit a definitive diagnosis of 
prostate cancer on morphologic grounds alone. These diagnostically 
equivocal biopsies fall into two groups. 

In the first and most common situation, the changes are quanti- 
tatively insufficient to permit a definite diagnosis of cancer. These 
biopsies contain only a few glands lined by markedly atypical epithe- 
lial cells with all the cytological features of malignancy. However, it 
is recognised that larger glands with high-grade prostatic intraep- 
ithelial neoplasia (PIN) may be associated with smaller acini lined by 
atypical epithelial cells mimicking invasive malignancy (Figure 2.2). 
These ‘outpouchings of PIN’ are more easily identified in radical 
prostatectomy specimens in which the low power architecture can 
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Figure 2.1 (a) Prostate needle biopsy showing small irregular malignant 
glands with prominent nuclear atypia (arrow heads) infiltrating between 
larger benign glands (arrows). (H&E stain). (b) The benign glands have an 
outer basal cell layer that is highlighted by immunohistochemistry using 
antibodies to basal cells while the malignant glands lack basal cells and are 
negative on immunostaining. (lmmunohistochemistry: high-molecular weight 
cytokeratin antibody clone 348E12). 


be appreciated. However, in needle biopsies, the small acini may 
be difficult to distinguish from infiltrating cancer. Unless the small 
atypical glands are too numerous or too crowded to represent out- 
pouchings, such biopsies with only a few atypical glands would be 
reported as ‘atypical small acinar proliferation suggestive of malig- 
nancy but outpouchings of high-grade PIN cannot be excluded’. 

In the other scenario, the abnormality is qualitatively insufficient 
for a definite diagnosis of cancer. In such cases, relatively larger foci 
with significant architectural distortion lack convincing cytological 
features of malignancy or are associated with prominent inflam- 
mation that make interpretation of the significance of cytological 
atypia difficult. 


Prognostic factors in prostate cancer 


In addition to the diagnosis of prostate cancer, histopathological 
examination can also provide important prognostic information to 


Figure 2.2 (a) Larger gland showing features of high-grade PIN (arrow) 
associated with smaller glands that appear to have an infiltrative pattern 
suggesting prostate cancer (arrow head). (H&E).(b) Basal cell marker 
immunostaining shows patchy positivity in the small glands indicating that 
these represent outpouchings of high-grade PIN rather than cancer. 
(Immunohistochemistry: high-molecular weight cytokeratin antibody clone 
348E12). 


guide patient management. The single most important pathological 
prognostic factor is the grade of the prostate cancer. Tumour grade 
refers to the degree of differentiation seen on microscopic examina- 
tion, i.e. how closely the tumour resembles corresponding normal 
tissue. Tumours that closely resemble normal tissue are consid- 
ered well differentiated or low-grade while those that are markedly 
different are considered poorly differentiated or high-grade. 
Although there are many other systems for grading prostatic ade- 
nocarcinoma, the grading system first described by Donald Gleason 
in the 1960s is now almost universally employed. The Gleason 
system for grading prostate cancer differs from grading systems 
for other cancers in two important respects. Non-prostatic carci- 
nomas are generally graded using a combination of architectural 
and cytological features with the highest grade recorded when a 
tumour shows multiple grades. In contrast, in the Gleason system, 
prostate cancers are graded based solely on architectural features 
(growth pattern and the degree of glandular differentiation) on a 
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scale of 1 (most differentiated) to 5 (least differentiated). If multiple 
architectural patterns are present in a tumour, the tumour is graded 
using a Gleason score (also referred to as combined Gleason grade 
or Gleason sum), which is the sum of the primary (most prevalent) 
and secondary (second most prevalent) grades (e.g. Gleason score 
3 + 4 = 7, when the most prevalent is 3 and the second most 
prevalent is 4; Gleason score 4 + 3 = 7, when the most prevalent 
is 4 and the second most prevalent is 3). Thus, prostate cancers 
are graded based on the average grade rather than worst grade. For 
uniformity, tumours with only a single grade are assigned a Gleason 
score by doubling the grade (e.g. Gleason score 3 + 3 = 6). Thus, 
Gleason scores could range from 2 (1+1) to 10 (5+5). However, 
grades 1 and 2 are practically never diagnosed on needle biopsy as 
they require assessment of the circumference of the tumour nodule 
so Gleason scores in needle biopsies generally range from 6-10. 
Gleason grading is applicable only to prostatic adenocarcinoma 
and is not used for other prostate cancers such as transitional cell 
carcinoma, small cell carcinoma or sarcoma. Gleason grading is also 
not recommended following hormonal therapy as the morphology 
of the tumour is altered by treatment. 

Other pathological prognostic factors in prostate cancer include 
tumour volume and tumour stage (extent of disease within and 
beyond the prostate). Several biomarkers are currently being studied 
but none are routinely used in clinical practice. 


Role of the needle biopsy in the 
management of prostate cancer 


The role of prostatic needle biopsy has changed dramatically in 
recent years. In the pre-PSA era, biopsies of the prostate, generally 
a single transperineal 18 gauge needle biopsy, was used to confirm 
a clinical diagnosis of carcinoma. Now that serum PSA is used as 
a screening tool with a biopsy often used to sample glands that 
show no clinical or ultrasonographic evidence of prostate cancer, 
the purpose of the biopsy has become substantially different with 
much greater demands on the information the biopsy gives to the 
clinician. 

Studies have found incidental, clinically unsuspected prostate 
cancer in 30-50% of radical cystoprostatectomies performed in 
men between the ages of 55 and 75 years for treatment of bladder 
cancer. However, only about 2% of age-matched men would be 
expected to die of prostate cancer. It is thus clear that a large 
proportion of prostate cancers in this age group are of no clinical 
significance. Hence, it is no longer sufficient to merely make a 
diagnosis of prostate cancer; pathologic features in the biopsy are 
used in conjunction with serum PSA levels to identify clinically 
significant cancers. 

The most important prognostic features in the needle biopsy 
are the Gleason grade of the tumour and the amount of cancer 
in the biopsy (as determined by the number of cores involved or 
the extent of tumour in the cores, expressed either in mm or as 
a percentage involvement of core). Numerous studies have shown 
that the Gleason grade is a powerful predictor of outcome with 
Gleason scores greater than 6 being associated with a significantly 


adverse outcome, as compared to lower-grade tumours. While 
extensive tumour in the biopsy is indicative of extensive tumour in 
the prostate gland and adverse outcome, the converse is not always 
true. Unlike breast cancer where the abnormality in the breast is 
identified clinically by palpation or radiologically by mammogram 
followed by targeted biopsy of the lesion, most early prostate 
cancers cannot be accurately localised by clinical or radiological 
examination. In the latter situation, the identified abnormality in 
the blood (raised serum PSA) is followed by non-targeted systematic 
sampling of the prostate gland which may result in a ‘tip of the 
iceberg’ phenomenon. Hence, minimal tumour in prostate biopsies 
may be associated with extensive tumour in the prostate gland and it 
is critically important that the pathologist diligently screens prostate 
biopsies to identify even tiny foci of cancer. 

The non-targeted nature of prostate biopsies also results in a 
significant false negative rate: about 25% with traditional six core 
sextant biopsies. The presence of high-grade prostatic intraepithelial 
neoplasia (PIN), a precursor lesion for most prostate cancers 
(analogous to DCIS of the breast), in an otherwise negative prostate 
biopsy, has been used to identify a subset of patients for repeat 
needle biopsy because they are at a higher risk of having co-existing 
cancer that has been missed at the first biopsy. The frequency of 
missed cancer is much lower in contemporary practice with at least 
eight cores taken from the prostate gland so repeat biopsies may 
not be warranted if isolated high-grade PIN is found following use 
of such extended biopsy protocols. 

Another major problem with prostatic needle biopsy relates to 
the difficulty in resolving cases in which the diagnosis is uncertain. 
A biopsy diagnosis of ‘suspicious but not diagnostic for malignancy’ 
in other organs such as the breast and the lung can be resolved by 
targeted repeat biopsy or excision of the abnormality for defini- 
tive histological examination. In contrast, prostate biopsies are 
non-targeted, hence a negative re-biopsy following a diagnosis of 
‘suspicious for adenocarcinoma’ does not exclude malignancy as 
the second biopsy may be a false negative. Moreover, excision 
biopsy is not a feasible alternative for resolving equivocal prostate 
biopsies as the suspect focus cannot be accurately localised. Hence, 
the pathologist must make every effort to avoid equivocal prostate 
needle biopsy reports by taking extreme care with the technical 
aspects of processing needle cores and in the interpretation of the 
biopsies. 
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OVERVIEW 


e Prostate cancer is a heterogeneous disease 

e Development and progression of disease are influenced by 
genetic and environmental factors 

e Combinations of germline mutations are most likely to 
contribute to cancer development 

e Gene fusions represent important rearrangements which may 
help to explain somatic changes in prostate cancer 

e Environmental changes influenced by ageing may represent 
important factors contributing to the biology of prostate cancer 


Introduction 


Knowledge of the molecular and cellular mechanisms of prostate 
cancer will inform men’s risk of disease and progression and direct 
the development of diagnostic and therapeutic interventions. As 
in most cancers, it is presumed that prostate cancer develops 
from a single cell that undergoes genetic changes influenced by 
the environment, which in turn affects the regulation of the cell 
resulting in a survival advantage, genetic instability and eventually 
tumourogenesis (Figure 3.1). This chapter divides the mechanisms 
of prostate cancer into genetic (inherited, somatic and epigenetic 
changes) and physiological factors (ageing, tissue remodelling, 
chronic inflammation and hypoxia) which may contribute to the 
heterogenic nature of the disease. 


Genetic factors 


Germline mutations 

Prostate cancer has been shown to cluster in families with 5-10% 
associated with a substantial inherited component. Significant 
advances have been made in the past 5—10 years in the area of 
susceptibility genes and gene fusions (Table 3.1). Similar to breast 
cancer, high-risk prostate cancer is associated with a germline 
mutation in BRCA2 with a five times greater risk of prostate can- 
cer and the development of more aggressive disease. However, 
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Figure 3.1 Proposed progression of prostate cancer. 


BRCA2 mutations only account for 2% of disease onset, indicating 
that other susceptibility loci exit. There is now evidence to sug- 
gest that prostate cancer inheritance is complex with numerous 
low penetrance genes associated with its development. Initially 
ELAC2, MSR1 and RNASEL were identified as candidate genes. 
More recent evidence has identified an additional 10 susceptibil- 
ity loci and highlighted candidate genes including MSMB, KLK3 
and LMTK2. Polymorphic variants have also been identified which 
could contribute to sporadic cases of prostate cancer. These include 
single nucleotide polymorphisms (SNPs) in genes involved in 
the action of androgens, which is centrally involved in regulat- 
ing growth, differentiation and survival of prostate epithelial cells. 
These genes include the androgen-receptor, CYP17, which encodes 
cytochrome P-450cl7a (an enzyme that catalyzes key reactions 
in sex-steroid biosynthesis) and the steroid 5-a-reductase type II 
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Table 3.1 Gene involved in prostate cancer development. 
Observation Gene 


Telomerase 
E2F4 

Activated MAPK 
DD3 PCA3 

PIM1 

Hepsin 

AMACR 


Higher levels in cancer than in normal prostate 


Lower levels in cancer than in normal prostate PTEN 
E-cadherin 
IGFBP-3 
GSTP1 


c-met 
Cyclin E1 
MTA-1 
EZH2 


Higher levels in metastases than in primary tumour 


Higher levels in castrate independent than in bcl-2 
androgen dependent p21 
fibronectin 
IGFBP-2 
Insulin receptor 


BTG-1 
Oncostatin-M 


Lower levels in castrate independent than in 
androgen dependent 


Source: Adapted from Foley et al Endocrine-related cancer 11: 477-488, 
2004. © Society for Endocrinology (2004). Reproduced by permission. 


which is the predominant isozyme that converts testosterone to the 
more potent dihydrotestosterone. Mutations in these genes have 
been linked to increased risk of prostate cancer development. A 
novel susceptibility locus has also been identified on chromosome 
22, and polymorphisms on chromosomes 8 and 17 are linked to 
disease development with a combination of five SNPs increasing an 
individual’s risk by fivefold. 


Somatic defects 

Where germline mutations contribute to genetic changes associated 
with prostate cancer development, there is also an accumulation 
of other genetic changes, including gene deletions, gene amplifica- 
tions, chromosomal rearrangements and epigenetic changes (DNA 
methylation), that occur over time (Table 3.2). Advances in high 
throughput technology have helped to increase our understanding 
and research findings in this area, however, due to the hetero- 
genecity of prostate tumours, results often vary between studies. 
The most common chromosomal abnormalities are gains at 7p, 7q, 
8q, and Xq and losses at 8p, 10q, 13q and 16q. The stage of the 
disease increases with increasing genetic alterations, suggesting an 
accumulation of genetic abnormalities. Loss of 8p is seen in high 
grade PIN (precursor lesion to prostate cancer). 

Epigenetic changes in prostate cancer include DNA methylation 
alterations and histone modifications and both can lead to chromo- 
somal instability and the silencing of genes. The ability to reverse 
epigenetic changes to reactivate silent genes could be a potential 
therapeutic strategy in the future. One of the earliest epigenetic 
changes is the hypermethylation of GSTP1, which encodes for 
glutathione S-transferase which protects against toxic metabolites 


Table 3.2 Somatic events in prostate cancer. 
Gene Change observed Function 


ETS family Translocation downstream of 
AR-regulated genes 


Transcription factors that 
regulate differentiation and 


growth 

GSTP1 Methylation of promoter Presents oxidation stress 

PTEN Loss Regulation of cellular 
metabolism and proliferation 

NKX3.1 Loss/inactivation Regulation of epithelial growth 
and differentiation 

c-myc Gene amplification Regulation of cell proliferation, 
autophagy and apoptosis 

Rb Loss (LOH, mutation) Regulation of cell cycle 

P53 Loss (LOH, mutation) Detection of damaged DNA, 
regulation of cell cycle and 
apoptosis 

AR Amplification, mutation Regulation of cell differentiation 


and proliferation 


Source: Adapted from Febbo PG. Genomic approaches to outcome 
prediction in prostate cancer. Cancer 2009;111(13Suppl):3046-57. 
Reproduced by permission from Wiley. 


preventing genome damage. Loss of GSTP1 has been shown in 
90% of prostate cancer cases. NKX3.1 encodes a prostate-specific 
homeobox gene which has been shown to be involved in normal 
prostate development and binds DNA, repressing expression of 
the PSA gene. Loss of its expression by gene deletions or rear- 
rangements occurs early in prostate cancer development and in 
about 90% of cases. Loss of PTEN expression is also associated 
with prostate cancer development. PTEN represents a centrally 
important regulator of AKT activation which is a central regu- 
lator of growth, differentiation and survival and a key signalling 
pathway in prostate cancer development and progression. Addi- 
tional stimulation of cancer cell proliferation can occur by reduced 
expression of p27, a cyclin-dependent kinase inhibitor encoded by 
the CDKN1B gene which is common in localised and metastatic 
prostate cancer. This loss of p27 may occur by either AKT acti- 
vation or somatic loss of 12p12-13 which encompasses CDKN1B. 
Increased cell number is also regulated by apoptosis and rates of 
apoptosis have been shown to be altered during initiation, pro- 
gression and metastasis of prostate cancer. Androgen withdrawal 
results in the induction of apoptosis and the over-expression 
of different survival proteins, including Bcl-2 and inhibitors of 
the apoptosis family of proteins. It also prevents this cell death 
and is associated with castrate-independent disease. One fun- 
damental new concept that has emerged from castrate-resistant 
disease is the tumoutr’s ability to synthesise its own androgen. This 
self-sufficiency in the central growth and survival factor of the 
prostate allows the cell to survive traditional androgen depletion 
strategies. 

Other up-regulated genes include MYC, an oncogene which is 
amplified in prostate cancer and associated with the development 
of PIN-like lesions, prostate carcinoma as well as poor prognosis. 

The ETS genes have also been associated with the development 
of prostate cancer. They co-operate with other transcription factors 
to regulate proliferation, differentiation, angiogenesis, oncogenic 
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transformation and apoptosis. Normally suppressed in prostate 
epithelial cells, they have been shown to be up-regulated through 
fusion with the androgen-responsive gene TMPRSS2, as a result 
of rearrangements. The TMPRSS2:ERG gene fusion is observed in 
the majority of prostate cancer cases. Seventeen different types of 
TMPRSS2:ERG fusion transcripts have been identified. 

Although we know much about the genetics of prostate cancer 
there is no clear genetic model. 


Environmental factors 


There are also physiological factors that contribute to the devel- 
opment of prostate cancer such as ageing, tissue remodelling, 
inflammation and hypoxia. 


Ageing 

One of the most significant risk factors for the development of 
prostate cancer is age. Ageing has been associated with progressive 
changes of physiological functions leading to changes in tissue 
hypoxia, suppression of the immune system (‘immunosenescence’), 
alterations in hormone levels and in DNA repair mechanisms. 
Ageing is also associated with DNA mutations and alterations in 
repair mechanisms which increase the risk of cancer. Reactive 
oxygen species and lack of repair contribute to mitochondrial DNA 
damage which has been shown to exist in prostate cancer. 


Tissue remodelling 

The ageing prostate undergoes structural changes known as remod- 
elling which leads to alterations in gene expression affecting cellular 
processes such as apoptosis, proliferation and steroid signalling. 
These alterations play an important role in carcinogenesis, with a 
modified stroma (reactive stroma) leading to a more favourable 
microenvironment for tumour growth. Tissue remodelling, which 
occurs as a result of hormonal alterations and diet, is thought to 
result in hypoxia which may then contribute to the development of 
early prostate cancer. 

The transforming growth factor (TGFB) is thought to play a major 
role in the development of a reactive stroma and the initiation of 
prostate cancer. It is secreted from the hypertrophic basal cell layer. 
TGF$ is a cytokine involved in cell proliferation and differentiation 
and its inhibition is lost in the progression of prostate cancer. TGFB 
further enhances stroma remodelling through increased expression 
of proteolytic matrix metalloproteinases and causes differentiation 
of smooth muscle cells and stromal fibroblasts into myofibrob- 
lasts. The changes in growth factor then alter epithelial/stromal cell 
interactions and lead to inappropriate growth of prostate epithelial 
cells. Cell proliferation results in an imbalance between the oxy- 
gen supply and the oxygen demand of proliferating cells. Hypoxia 
inducible factor lalpha (HIF— 1a) up-regulates hypoxia-responsive 


genes such as fibroblast growth factor-2 and factor-7 (FGF-2 and 
FGF-7), VEGF and GLUT-1. The altered expression of cell secre- 
tions leads to the clogging of ducts and an inflammatory response 
which may increase levels of hypoxia. 


Chronic inflammation 

Chronic inflammation has been linked to cancer in several disease 
models; it causes cell and genome damage, promoting cellular 
turnover and creating a tissue micro-environment that can enhance 
cell replication, angiogenesis and tissue repair. It is found frequently 
in radical prostatectomy and biopsy specimens. Studies have shown 
common molecular pathways between inflammation and cancer 
development in the prostate. 

Chronic inflammation occurs in the prostate secondary to both 
infectious and noxious agents and is associated with atypical hyper- 
plasia of the prostate epithelium with dysplastic changes. Inflam- 
mation also leads to the production of free radicals and COX-2 
activity through infiltrating macrophages and neutrophils. GSTP1, 
which usually protects the cell from genomic damage, is methylated 
(as discussed above) and cannot prevent this DNA damage. 

Proliferative inflammatory atrophy (PIA), which shares some 
molecular traits with prostate intraepithelial neoplasia and prostate 
cancer, has been characterised as areas of atrophy with high numbers 
of inflammatory cells. PIA occurs as a result of repeated injury and 
is most commonly found in the peripheral zone where the majority 
of cancer cells are found. Repeated insults lead to additional changes 
such as loss of tumour suppressor gene PTEN. This may lead to 
activation of the AKT pathway and subsequent NFKB and HIF 
activation. 


Conclusion 


Prostate cancer is a complex heterogeneous disease with multiple 
contributing factors which have complicated our understanding of 
its development and progression. 
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OVERVIEW 


e Clinical presentation of prostate cancer 

e Diagnostic role and limitations of PSA and DRE 
e Prostate biopsy techniques 

e Limited role of imaging in the diagnosis 

e PCA-3 testing 


Presentation 


Due to stage migration caused by increased use of the prostate cancer 
antigen (PSA) testing, the majority of men diagnosed with prostate 
cancer now present with the localised disease. Early prostate cancer 
(PC) is invariably asymptomatic and is usually identified in patients 
who are found to have an elevated serum prostate-specific antigen 
and/or an abnormal digital rectal examination (DRE). Although 
the use of PSA testing and DRE in asymptomatic men is currently 
contentious, this remains the most reliable way of diagnosing men 
with early prostate cancer who can then choose between a range of 
curative interventions or a period of active surveillance. 

Lower urinary tract symptoms (LUTS) are common in men 
over the age of 50 years and are usually secondary to benign 
prostatic hyperplasia, however, prostate cancer can also cause these 
symptoms and as both diseases often co-exist, it is important that 
PC is ruled out. Advanced prostate cancer can present with local or 
distant symptoms, as outlined in Table 4.1. The peripheral location 
of most cancers can also be the reason why even advanced prostate 
cancer may cause little or no lower urinary tract symptoms. 

Obstructive uropathy can be either the result of bladder outflow 
obstruction or bilateral ureteric infiltration at the level of the 
trigone, and the latter must be suspected if renal function does 
not improve following catheter drainage of the bladder. Erectile 
dysfunction (ED) is another symptom which is relatively common 
in the age group of men at risk of prostate cancer and it is probably 
more likely to be incidental, however, as noted above, PC often 
co-exists with LUTS and ED, therefore, it is important to rule 
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Table 4.1 Presenting symptoms for advanced prostate cancer. 
Locally advanced Metastatic 
Obstructive LUTS Bone pain 
Haematuria Pathological fracture 
Haematospermia Anaemia 


Pain (penile, perineal) 
Obstructive uropathy 
Erectile dysfunction 


Lower limb/inguinal oedema 
Hypercalcaemia 


out significant underlying PC. A DRE should be performed, and 
patients should be counselled about the merits of a PSA test in their 
particular circumstances. 

Bone is the most common site for metastatic PC with a predilec- 
tion for the axial skeleton, particularly the lower back, pelvis and 
hips. Although less common, symptomatic bone metastases are still 
the presenting symptom of advanced prostate cancer for men who 
have not previously had a PSA test and/or DRE. In the case of bone 
metastasis, plain X-rays may show sclerotic deposits, and an isotope 
bone scan may be helpful to confirm the presence of metastasis. 
This diagnosis must be considered particularly in men over the age 
of 70 presenting with axial bone pain. 


First step: serum PSA and digital 

rectal examination 

PSA is an enzyme in the form of a 237 amino acid glycoprotein 
produced primarily by cells lining the acini and ducts of the 
prostate gland. Its main biological function is the dissolution of 
the gel-forming proteins in the freshly ejaculated semen. PSA is 
also present in normal male serum in small quantities, and is often 
elevated in prostate cancer. It is, however, not specific to prostate 
cancer and can be elevated by other conditions such as benign 
prostate hyperplasia, urinary tract infection, inflammation and 
trauma (such as catheterisation). Hence, PSA levels tend to increase 
as men age, regardless of whether or not they have underlying 
prostate cancer. Approximately 25% of patients with a level of 
4—10 ng/ml will be identified as having prostate cancer on biopsy. 
More recently, clinicians have adopted a more refined approach to 
PSA testing in an attempt to improve its sensitivity and specificity 
utilising age-adjusted levels (Table 4.2), PSA isoforms, PSA density 
and PSA velocity. Early PSA testing in men in their forties has been 
advocated by some to predict the future risk of developing cancer. 
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Table 4.2 Age-specific reference ranges for serum PSA. 


Age range PSA reference range 
40-49 yr 0-2.5 ng/mL 
50-59 yr 0-3.5 ng/mL 
60-69 yr 0-4.5 ng/mL 
70-79 yr 0-6.5 ng/mL 


Source: Richardson, T.D. and Oesterling, J.E.: Age-specific reference ranges 
for serum prostatespecific antigen. Urol Clin North Am, 1997;24:339. 


The value of a digital rectal 
examination (DRE) 


A DRE can detect palpable prostate cancer even in the early disease 
stage as it generally occurs on the periphery of the gland. In localised 
disease where the cancer is confined to the prostate, the clinician may 
palpate a firm nodule within the prostate. Once the gland feels very 
abnormal with an irregular outline or distorted anatomy, it often 
suggests that the disease is locally advanced. As with any examina- 
tion skill, the clinician must perform many examinations to appre- 
ciate normal prostatic variation before being able to confidently 
identify an abnormal or suspicious gland. The importance of per- 
forming a digital rectal examination in the diagnosis of PC cannot 
be over-emphasised and should not be omitted because of the false 
assumption that PSA testing or imaging is superior. First, patients 
with a normal PSA may harbour a prostate cancer either in the case 
of an early small volume but palpable disease or in advanced poorly 
differentiated non-PSA-secreting prostate cancer, both of which 
could easily be missed without a DRE. Furthermore, trans-rectal 
ultra-sonography or magnetic resonance imaging is generally not 
used for detecting prostate cancer and is reserved for localising 
biopsies or staging, once the diagnosis has been confirmed. DRE 
should be considered an essential adjunct to PSA testing. 


Confirmation of the diagnosis - a prostate biopsy 
If the clinician has any clinical or biochemical suspicion of 
prostate cancer, the diagnosis can be confirmed by taking a biopsy. 
This is most commonly performed by following the trans-rectal 
ultrasound-guided approach (TRUS) using a tru-cut needle. The 
procedure is usually performed in the clinic under local anaesthetic 
with or without sedation (see Figure 4.1). A general anaesthetic is 
occasionally required. A sextant biopsy (i.e. six cores) were tradi- 
tionally taken, however, this was associated with around a 30% false 
negative rate and an extended biopsy scheme utilising a 12-core 
biopsy strategy is now recommended. 

The value ofa prostate biopsy is much more than just establishing 
the presence or not of malignancy. As clinicians have become aware 
of the degree of over-diagnosis and over-treatment which has 
accompanied the increased use of PSA testing, considerable effort 
has been made to identify men at low risk of disease progression and 
therefore who are suitable for surveillance rather than intervention. 
Therefore, prostate biopsies are used to establish the volume, grade 
and multifocal nature of the tumour so patients and clinicians can 
better predict their likely outcome. 

The risks and complications of prostate biopsy include haema- 
turia, haematospermia, urinary retention, perineal discomfort, 


Figure 4.1 Trans-rectal ultrasound-guided biopsy of the prostate. 


Table 4.3 Complications of trans-rectal prostate biopsy. 


Complication Frequency (%) Comment 

Haematuria 23-63 0.7% clot retention 
Haematospermia 10-50 Up to 6 weeks 

Rectal bleeding 2-21 Usually minor 

Infection 2.5-10 2% requiring hospitalisation 
Urinary retention 0.4 

Vasovagal episode 1.4-5.3 

Pain Local anaesthetic and/or 


sedation mandatory 


Source: Campbell-Walsh Urology, 2007, with permission from Elsevier. 


urinary tract infection and septicaemia (see Table 4.3). The use 
of antibiotic prophylaxis has reduced infection rates from 25% 
to less than 10%. Typical antibiotic prophylactic schemes would 
include a one-off dose of an aminoglycoside or a short course of 
fluroquinolone, or a combination of both. Infection post biopsy is 
therefore now relatively uncommon but occasionally serious with 
about 2% of patients requiring hospitalization for severe infection. 


The role of repeat biopsy 
In patients who have a persistent clinical suspicion of prostate 
cancer, despite previous negative prostate biopsies, some clinicians 
will employ a saturation biopsy technique where typically 24-32 
prostate cores are taken. 

More recently, a trans-perineal template-guided biopsy has 
been employed with endorectal ultra-sound guidance (Figure 4.2). 
This technique can allow more accurate sampling of the entire 


Figure 4.2 Trans-perineal template biopsy of the prostate. 


prostate and may achieve better access to apical and transitional 
zone tissue, thereby increasing cancer detection rates. The tradi- 
tional method of finger guided tru-cut trans-rectal biopsy is now 
utilised less frequently although can still be useful to sample a 
palpable nodule. 


Prostate cancer diagnosed at transurethral 
resection of the prostate (TURP) 

Occasionally, the histological diagnosis of prostate cancer is made 
when analysing the resected tissue from a transurethral resection of 
the prostate(TURP). The urologist may have suspicions of prostate 
cancer when undertaking the procedure although the pathological 
report may sometimes be the first indication of any underlying 
problem. As a TURP usually resects the transition zone, and 
prostate cancer arises from the peripheral zone, further biopsies 
may still be required to fully stage the diagnosis. 

The main risk factor for PC is age, being relatively rare below the 
age of 40 and rising rapidly over the age of 70. Other risk factors 
include: family history, with the risk doubling with one first degree 
relative having PC; ethnicity, highest among African-Americans 
and lowest among East Asians, and nationality, North Americans 
and Europeans have a higher incidence than Asians and Latin 
Americans. Numerous dietary factors including fat intake, calcium, 
lycopene (found in cooked tomatoes) and trace elements such as 
selenium have been implicated with either increasing or reducing 
the risk of prostate cancer, although all these studies have significant 
confounding factors. 
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Prostate cancer can be incidentally found following histologi- 
cal examination of TURP chips, however, since the widespread 
introduction of PSA testing, this has become less common. 


The use of imaging for diagnosis 
of prostate cancer 


There is no place for diagnostic imaging in the routine diagnosis 
of prostate cancer. Imaging modalities such as MRI may be useful 
for staging cancer which has already been diagnosed (and may 
be used to guide prostate biopsies in certain circumstances), and 
trans-rectal ultrasound is essential to systematically guide biopsies, 
but otherwise imaging is not used as a primary diagnostic tool. 
One exception is the use of an isotope bone scan and/or plain 
X-rays to confirm the presence of metastatic disease in patients 
presenting with bone-related symptoms and a very high PSA. In 
these circumstances, clinical suspicion and a positive bone scan are 
sufficient to make the diagnosis without a biopsy. 


Novel approaches to diagnosis 
of prostate cancer 


A novel test, which is currently becoming more widespread in the 
detection of prostate cancer, is based on the PCA-3 gene, discovered 
in the 1990s. PCA-3 is highly expressed in prostate cancer and found 
in very low levels in benign prostatic tissue. The Progensa™ PCA-3 
test (manufactured by Gen-Probe, San Diego, CA, USA) is used to 
analyze urine samples collected after the DRE. In fact, it is a dual 
assay which quantifies both PCA-3 and PSA mRNA to produce a 
ratio which can then be used to calculate PC risk. The test appears 
to be more cancer-specific than serum PSA and, unlike PSA, is not 
known to be influenced by BPH or other factors such as trauma, 
inflammation or age. 
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CHAPTER 5 


Imaging of Prostate Cancer 


James Halls and Uday Patel 
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OVERVIEW 


The role of imaging in prostate cancer diagnosis and staging in 
standard clinical practice 


The differing roles of the various imaging modalities: plain 
imaging, trans-rectal ultrasound (TRUS), CT, MRI and isotope 
bone scans and how they are integrated into clinical practice 


For each of the imaging modalities, an understanding of the 
typical appearances of prostate cancer and potential difficulties 
with their use 


Potential future imaging modalities 


Introduction 


Although prostate cancer is occasionally an incidental finding 
during radiological investigations for other purposes, the main 
focus of prostate cancer imaging is to both aid in the diagnosis 
and provide accurate staging of both local and advanced disease. 
Accurate staging is essential for treatment planning. For example, 
advanced local disease would be inappropriately treated with radical 
prostatectomy, with unnecessary potential patient morbidity while 
burdening healthcare resources. 

In standard practice, trans-rectal ultrasound (TRUS) provides 
only limited diagnostic and staging information but is essential 
for guiding prostatic biopsy. MRI and bone scans are used for 
cancer staging, while CT is reserved for advanced/metastatic disease. 
Table 5.1 presents asummary of the features of each kind of imaging 
used in prostate cancer detection. 


Plain imaging 


The prostate is the commonest primary site for sclerotic bone 
metastases in men and the identification of such lesions, which 
may be an incidental finding in those with skeletal pain, may be 
the prompt for further assessment with digital rectal examina- 
tion (DRE) and/or measurement of the prostate specific antigen 
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Table 5.1 Summary of types of imaging. 


Type Features 


Plain imaging Bone metastases typically sclerotic 
Destructive metastases in long bones carry a risk of 


pathological fracture 


TRUS Typically requested after abnormal DRE or elevated PSA 
measurement 
Prostate cancer hypoechoic and located in peripheral zone 
Overall sensitivity too low to use as a sole diagnostic tool 
Main role is to guide systematic prostatic biopsies 


MRI Main imaging modality to assess local disease extent and 
staging 
Endorectal MRI improves resolution but is uncomfortable 
and not standard practise 
Cancer foci appear as low signal lesions within background 
high signal of peripheral zone 
Allows identification of extracapsular spread, seminal vesicle 
involvement and pelvic lymph node staging 
Delay of 4-8 weeks following biopsy advised to avoid 
confusion from post-biopsy haemorrhage 


CT Poor contrast resolution limits role in assessing local disease 
extent 
Used for assessment of organ and lymph node metastases 


Bone scan odality of choice for identification of bone metastases 
etastases manifest as foci of increased tracer uptake, 
appearing ‘hot’ relative to background skeleton 

Typically reserved for ‘high-risk’ patients 

Can occasionally miss small metastatic foci (for which MRI is 


better) 


(PSA) level. Widespread sclerotic lesions in an elderly male patient 
should be regarded as likely metastatic prostate cancer until proven 
otherwise. The presence of destructive lesions within long bones is 
associated with a risk of pathological fracture. With the advent of 
more modern imaging modalities, plain imaging has only a limited 
role in the management of prostate cancer. 


Trans-rectal ultrasound (TRUS) 


The anatomical position of the prostate immediately anterior 
to the rectum lends itself well to trans-rectal ultrasound with a 
high-frequency (5-7.5 MHz) probe. Since its introduction in 1971, 
TRUS has become the commonest imaging modality of the prostate, 


Figure 5.1 Transverse section TRUS image of a prostate. Note the small 
rounded hypoechoic (dark) focus within the left periphery of the gland 
(white arrow). Targeted biopsy proved carcinoma of the prostate. 


typically requested after an abnormal DRE or elevated PSA mea- 
surement. Prostate cancer is typically hypoechoic (dark) and located 
in the peripheral zone (see Figure 5.1). Unfortunately, most cancers 
are either isoechoic (i.e. the same shade of grey) as the surround- 
ing tissue or of non-specific appearance, indistinguishable from 
background benign prostate hyperplasia. Diagnostic specificity is 
especially poor in the central gland, within the heterogeneous- 
appearing transition zone. 

Extracapsular extension (stage T3a disease) is also poorly visu- 
alised but suggested by local capsular bulging or irregularity. 
Extension into the seminal vesicles (stage T3b disease) is suggested 
by solid hypoechoic lesions within the cystic (anechoic — very dark) 
vesicles. Like all tumours, prostate cancer has associated neovas- 
cularisation and the additional use of Doppler ultrasound (which 
identifies blood flow) can improve diagnostic specificity. 

Despite this, the overall sensitivity of TRUS in cancer identi- 
fication is too low to allow its use as a sole diagnostic tool. As 
a consequence, its main role is in guiding trans-rectal biopsy. As 
most cancers are sonographically invisible, prostate biopsy is a 
sampling technique and multiple, systematic biopsies of the entire 
gland are necessary. The number of cores necessary for adequate 
sampling has increased over the years, a consequence of the down- 
ward stage migration of prostate cancer. Current recommendations 
are for at least 10-12 cores targeted onto the peripheral zone, but 
some centres use more. At its most extreme, ‘saturation biopsies’ 
are undertaken where 24 or more cores are taken. Naturally this 
improved sampling results in higher accuracy but this comes at the 
expense of diagnosing small volume, possibly insignificant, cancers 
and extra morbidity. Other applications for TRUS in prostate can- 
cer management include measurement of prostatic volume (which 
allows calculation of PSA density) and guidance for brachytherapy 
seed implantation. 


Computed tomography (CT) 


The role of CT in assessing local prostate cancer extent is limited by 
its poor contrast resolution, with the gland being indistinguishable 
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from the adjacent bladder base and seminal vesicles. Its role is 
reserved for staging of advanced disease and typically for assessment 
of organ and lymph node metastases. As a guide, in asymptomatic 
patients with a PSA <20ng/ml, CT is generally not required due 
to the low (<1%) probability of a positive study. Similarly, in 
cases of localised disease, CT detects lymphadenopathy in <1%, 
the figure increasing to almost 20% with locally advanced disease. 
Lymphadenopathy is demonstrated in 1% of patients with a Gleason 
score of less than or equal to 7, increasing to 12.5% with a score 
of 8 or higher. Other uses include demonstration of sclerotic 
bone metastases or evaluation of suspicious areas identified on 
radioisotope bone scans. 


Magnetic resonance imaging (MRI) 


Unlike CT, MRI is vastly superior for soft tissue resolution and 
is the best imaging modality for local disease assessment and 
staging. Endorectal MRI has better spatial resolution but is an 
uncomfortable examination and standard pelvic (external) coils 
are the preferred method in most centres. On T1-weighted studies, 
the gland is of uniformly low/mid -signal intensity and neither the 
normal prostate zonal anatomy or tumours are seen. T2-weighted 
images are the sequence of choice for both appreciation of zonal 
anatomy and cancer detection. Prostate cancer appears as round or 
ill-defined foci of low signal intensity (dark), highlighted against 
the normally high signal (bright) peripheral zone (PZ), where the 
majority of cancers arise (see Figure 5.2). Evaluation of the central 
gland is a problem on MRI too, as the lower signal intensity masks 
any inner gland tumours and the heterogenous appearance of the 
TZ further reduces the diagnostic specificity. 


Figure 5.2 Axial T2-weighted MRI image of prostate cancer. Note the foca 
area of abnormal low signal (dark) change within the left peripheral zone 
posterolaterally (long closed arrow). Compare with the normal high signal 
(white) peripheral zone of the right aspect of the gland (long open arrow). 
There is no evidence of bulging/breach of the adjacent low signal thin 
prostatic capsule (short closed arrow) to suggest extracapsular extension. The 
neurovascular bundles run in the 7 o'clock position (arrowhead). 
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The neurovascular bundles run adjacent to the thin stripe of the 
prostatic capsule. Features of extra-capsular spread include local 
capsular bulging and asymmetry of the neurovascular bundles. 
This is an important finding as the upstaging impacts on treat- 
ment choice. The overall accuracy of MRI in identifying capsular 
penetration is mixed with figures quoted between 33-82%. The 
maximum sensitivity for detecting extracapsular spread has been 
quoted at 64%. Seminal vesicle invasion especially influences the 
treatment choices. These paired high signal structures appear as 
bunch-of-grape-like structures lying posterior to the base of the 
bladder. Invasion is suggested by abnormal low signal replacing 
the normal high signal. MRI evaluation of disease stage is rarely 
straightforward. In repeated studies, the overall, accuracy is in the 
70-80% range, although some specialised centres do report much 
better figures. Many factors conspire to limit accuracy. One com- 
monly encountered problem is post-biopsy haemorrhage. Similar 
to cancer, this appears as low signal foci on T2-weighted imaging, 
although, in contrast to cancer, it is generally of high signal on T1 
images. To avoid diagnostic uncertainty, most practitioners advise 
a delay of 4-8 weeks following biopsy prior to MRI. 

In addition to local staging, MRI has other uses such as 
pelvic lymph node staging, confirmation of bone metastases (for 
example, if equivocal on isotope bone scans) and identification of 
associated problems such as potentially catastrophic spinal cord 
compression. 


Radionuclide bone scintigraphy 
(bone scan) 


Bone deposits are the commonest manifestation of prostate cancer 
metastases and the risk rises with increasing PSA level and Gleason 
grade. They have a predilection for the axial skeleton, such as the 
pelvis, vertebrae and ribs. A radioisotope bone scan is the modality 
of choice for their detection. A study involves an intravenous 
injection of 99mTc (the radioisotope which emits gamma rays) 
linked to a phosphonate (which allows skeletal uptake). Prostate 
cancer metastases are osteoblastic and associated with increased 
tracer uptake, appearing ‘hot’ relative to the background skeleton 
(Figure 5.3). The technique has a very high sensitivity. In a patient 
with a significantly elevated PSA, multiple areas of increased uptake 
within the axial skeleton are virtually diagnostic for metastatic 
disease. Interpretation difficulty occurs with other causes of 
increased bone turnover, such as spinal degenerative disease or rib 
fractures. Correlation with plain films or MRI imaging will help 
resolve these difficult cases. 

The potential for bone metastases rises with increasing PSA 
levels. Abuzallouf et al. (2004) performed a meta-analysis and 
reported that a PSA <10 ng/ml carries a 2.3% chance of a bone 
scan being positive. Levels of 10—20 and 20-50 have a risk of 5.3% 
and 16.2% respectively. If disease is confined to the prostate, the 
chance of bone metastases is around 6%, increasing to nearly 50% 
with locally advanced disease. A Gleason score of less than or equal 
to 7 is associated with a 5.6% chance of bone metastases, which 
increases to almost 30% with a score of 8 or above. As such, a bone 
scan should be considered if the PSA is above 20, locally advanced 
disease or a Gleason score is >8. 


ANTERIOR 


POSTERIOR 


Figure 5.3 Multiple prostatic bone metastases on isotope bone scan. Note 
the multiple foci of abnormal uptake scattered throughout the ribs, vertebrae 
and pelvis. The PSA at the time of the study was greater than 1200. 


Potential or future imaging modalities 


This final section will cover potential new imaging modalities that 
may improve specificity or sensitivity of prostate cancer detection. 
It is worth stressing that these modalities are not routinely available 
and many remain experimental at best. 

TRUS with microbubble enhancement is a strategy to better 
demonstrate cancer-associated neo-vascularity. An intravascular 
sonographically visible agent is injected intravenously while the 
prostate is assessed in real time with either colour or power 
Doppler imaging. Foci of increased vascularity can be specifically 
targeted for biopsy. This may pick up cancer foci that might 
otherwise be missed due to sampling error with the systematic 
approach. Elastography is another technique under investigation. 
Simplistically, it is the ultrasound equivalent of the DRE, being 
sensitive to areas of reduced tissue elasticity. 

MRI spectroscopy adds metabolic information to a standard 
MRI image. It works on the principle that prostate cancers secrete 
smaller or larger amounts of certain metabolites (principally citrate, 
choline and creatine) than normal prostatic tissue. The aim is to 
demonstrate abnormal metabolite levels in keeping with cancer. 


It has been suggested that the technique could aid in PZ cancer 
detection and a possible relationship between Gleason grade and 
magnitude of the chemical ratio abnormality proposed. However, 
it requires an exacting technique that is not easily reproducible and 
has not translated into everyday practice. 

Dynamic MRI also works on the principle of neo-vascularity 
and involves the rapid injection of low-molecular weight contrast 
agent with subsequent fast MRI imaging of the prostate every 
20-30 seconds. Cancers are reported to show early enhancement 
and early contrast washout. This may be further exaggerated with 
higher grade cancers. Diffusion-weighted MRI (DWI) utilises the 
principle of Brownian motion of water molecules within tissues. 
In general, cancer cells have more membranes and individual cells 
are more closely packed than surrounding normal prostatic tissue. 
This results in restricted diffusion of water molecules and higher 
signal intensity of cancer cells relative to a normal gland. Both 
these MRI techniques may help improve the currently modest 
staging accuracy of MRI. There is also recent interest in the use of 
pre-biopsy MRI of the prostate for risk stratification prior to biopsy 
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and identification of the index focus of prostate cancer for targeted 
focal therapy. 
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CHAPTER 6 


Screening for Prostate Cancer 


Richard J. Bryant and Freddie C. Hamdy 
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OVERVIEW 


Screening describes the diagnosis of pre-clinical cases of a 
significant condition at an early stage in order to reduce harm 
from the disease 


Several requirements are essential to justify a prostate cancer 
mass screening programme 


PSA-based prostate cancer screening has substantial limitations 


PSA-testing causes over-diagnosis and over-treatment of 
clinically insignificant prostate cancer 


There is currently insufficient evidence of benefit from 
PSA-based prostate cancer screening to justify its introduction as 
a public health policy 


Introduction 


Prostate cancer screening is a continuing controversial issue. Until 
recently most reviews of the available scientific evidence concluded 
that routine population screening could not be recommended 
because of the lack of evidence that this would improve either 
survival or the quality of men’s lives. However, recent data from 
the European Randomized study of Screening for Prostate Cancer 
(ERSPC) provide for the first time evidence that screening using 
PSA testing can reduce mortality from the disease by approximately 
20% in populations of men at risk between the ages of 55 and 69 
years, and a more recent subgroup analysis suggests a higher rate of 
mortality reduction. However, many concerns surround these new 
data. In the United Kingdom, the current approach is to provide 
men with sufficient information regarding PSA testing to enable 
them to make an informed decision about undergoing this test 
rather than to introduce mass screening for prostate cancer. 


Principles of screening 


Screening is the diagnosis of a disease during its asymptomatic 
stage within a population at risk using a suitable test. The aim 
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Table 6.1 Requirements of a screening programme. 


The disease is an important health problem 

The natural history of the disease is well understood 

The disease is recognizable at an early stage 

Treatment at an early stage is better 

A suitable diagnostic test exists 

An acceptable test exists 

Adequate facilities exist to deal with abnormalities detected 
Screening is done at repeated intervals when the onset is insidious 
The chance of harm from screening is less than the chance of 
benefit 

The cost of screening is balanced against the benefits. 


of screening is to reduce the mortality of a disease by diagnosing 
it at an earlier stage when radical treatment has a greater chance 
of cure than awaiting a later clinical diagnosis. Prostate cancer 
can be diagnosed at a pre-clinical stage through PSA testing and 
prostate biopsy. Localised prostate cancer can be treated and cured 
by surgery or different forms of radiotherapy. For a disease to be 
suitable for screening, a number of criteria need to be considered 
(Table 6.1). 


The disease should be an important 

health problem 

Prostate cancer is the commonest male malignancy in the Western 
world and the second leading cause of male cancer-related death. 
In the United Kingdom, in 2006, 35,515 men were diagnosed with 
prostate cancer and 10,168 men died from the disease. Prostate 
cancer incidence rose during the 1990s due to PSA testing. In some 
countries, mortality rates from prostate cancer has decreased, but 
while some of these reductions may be attributable to PSA testing, 
the decline in mortality occurred too soon after PSA testing was 
introduced for this effect to be completely attributable to screening 
(Figure 6.1). There is little doubt that prostate cancer represents a 
significant public health burden in Western countries. 


The natural history of the disease 

should be well understood 

Clinically detected prostate cancer may progress very slowly, but 
the natural history of screen-detected prostate cancer is less well 
understood. ‘Clinically significant’ prostate cancers are by definition 
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Figure 6.1 US and UK prostate cancer mortality rates 1975-2004. Reproduced from Lancet Oncology 2008;9(5):445—452 with permission from Elsevie. 


at risk of progression and may, if not detected through screening 
or case-finding, become lethal. The majority of screen-detected 
prostate cancer may never become clinically significant, and many 
men will therefore die of other competing causes. The ‘lead time’ 
is the time by which the date of diagnosis is advanced through 
screening rather than clinical detection and is around 5—10 years for 
prostate cancer. As screening would predominantly detect low-risk 
localised prostate cancer, it is important to distinguish ‘clinically 
significant’ cases, which require treatment, from ‘indolent’ cases, 
which may be managed conservatively. Many PSA-detected prostate 
cancers may therefore be ‘over-treated’ with adverse effects on 
quality of life and no evidence of improvement in survival. 


There should be effective treatments 

for the disease 

Men with localised prostate cancer have numerous curative treat- 
ment options, or may undergo active surveillance for ‘low-risk’ 
disease. There is, however, little robust randomised trial data com- 
paring the efficacy of treatment options for screen-detected localised 
prostate cancer. A Scandinavian randomised study showed that in 
clinically detected prostate cancer, radical prostatectomy reduced 
disease-specific mortality by 50% and progression by 40% com- 
pared with ‘watchful waiting’, but this may not be applicable to 


screen-detected disease. In the UK, ProtecT (Prostate Testing for 
Cancer and Treatment) is a randomised controlled trial of treatment 
effectiveness in men with clinically localised prostate compar- 
ing active monitoring, surgery and radiotherapy in PSA-detected 
prostate cancer. The study is supported by HTA NIHR and results 
are awaited. Despite the current use of serum PSA and Gleason 
grading, it can be difficult to accurately risk stratify localised prostate 
cancer as ‘indolent’ or potentially aggressive. Novel molecular biol- 
ogy techniques may accurately differentiate these cases and improve 
the accuracy with which men are directed towards treatment. 


Screening tests should be acceptable 

Ideal screening tests are safe and acceptable and have a high sensi- 
tivity, specificity, positive predicative value and negative predictive 
value. PSA testing compromises between sensitivity and specificity 
as demonstrated by the observation that if the PSA threshold for a 
biopsy is reduced from 4 ng/ml to 2 ng/ml, more prostate cancers 
are detected but more negative biopsies are performed. A ‘positive’ 
PSA result does not always signify the presence of a prostate cancer 
while there is no true low limit of PSA that excludes prostate cancer. 
The ERSPC trial biopsied those men with a PSA above 3 ng/ml, 
but the ideal PSA-threshold for screening is not defined. The 
screening interval (between 1—4 years) and ages at which screening 
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should occur also need clarification. Elderly men with a short life 
expectancy, or younger men with significant co-morbidity, should 
not undergo screening as they are unlikely to experience any benefit 
and could be harmed. It is also important to realise that prostate 
cancer screening involves a PSA test followed by a prostate biopsy 
if the PSA is raised, therefore a consideration of the acceptability of 
screening must also take into account the biopsy procedure itself, 
which is not without morbidity and side-effects. 


Adequate facilities should be available 

to manage abnormalities detected 

Men with an elevated PSA are usually invited to undergo a prostate 
biopsy, and if this detects prostate cancer, staging and grading of 
the disease are used to guide treatment options. Although around 
20-25% of men with an elevated PSA are found to have prostate 
cancer on the first biopsy, there is a significant false negative rate. 
The biopsy may reveal abnormal pathology such as high-grade 
prostatic intraepithelial neoplasia (PIN) or atypical small acinar 
proliferation (ASAP). A screening programme would need to pro- 
vide adequate guidance regarding the necessity of repeat biopsies in 
these scenarios, and new molecular diagnostic tests such as urinary 
PCA3 levels may be used to reduce unnecessary repeat testing. 


The chance of benefit should exceed 

the risk of harm 

Screening aims to reduce disease-specific morbidity and mortality 
and increase quality of life but there is the possibility that numerous 
adverse effects may occur (Table 6.2). Screening may detect ‘indo- 
lent’ prostate cancer posing little or no threat but the patient may 
be ‘over-treated’ resulting in impotence or urinary incontinence. 
It is imperative that any evaluation of prostate cancer screening 
assesses quality-of-life issues. 

Two large trials of prostate cancer screening have recently 
reported their results (Table 6.3). The ERSPC trial demonstrates 
that screening reduces mortality by 27% at a median follow-up of 
9 years but a ‘number needed to treat’ analysis reveals that 1410 
men need to undergo PSA-testing and 48 men need treatment in 
order to save one life. More recently, a subgroup analysis of the 
Swedish cohort with longer follow-up suggested that the reduction 
in mortality was 44%, with number needed to screen and treat 


Table 6.2 Effects of prostate cancer screening. 


Favourable Unfavourable 


Life-years gained Attendance for screening 


Prostate cancer-related deaths 
prevented 


Screen-detected false positive PSA 
results and unnecessary biopsies 


Reduced number of prostate biopsies Increase in life-years after diagnosis 
with a negative result outside of without improved survival 
the screening programme (lead-time bias) 


Additional radical treatments and 
‘over-treatment’ 
False reassurance of a negative result 


Prevention of advanced prostate 
cancer 


Table 6.3 Summary of evidence from the two largest trials of screening. 


ERSPC PCLO 

Setting 7 European centres United States of America 
Age 55-69 years 55-74 years 
Number of 162,243 76,693 

men 
PSA threshold 3 ng/ml 4ng/ml 

for biopsy 
Follow-up 9 years 7 years 
Outcome 20% improvement in survival No difference in survival of 


screened versus 
non-screened individuals 


of screened versus 
non-screened individuals 


reduced to 293 and 12 respectively. Confirmation of these findings 
is awaited from the larger ERSPC cohort. The Prostate, Lung, Col- 
orectal and Ovary cancer screening trial in the USA reported no 
significant improvement in survival but this negative result may 
partly be explained by the fact that over half of the participants in 
the control group were contaminated by PSA testing. At present, 
the adoption of population screening for prostate cancer as a public 
health policy is unjustified due to the large over-treatment effect 
demonstrated. Before the introduction of screening is considered 
by healthcare providers as a public health policy, the level of current 
opportunistic screening, over-diagnosis, over-treatment, quality of 
life issues, costs, and cost-effectiveness of existing treatments should 
be taken into account. 


Future developments 


‘Targeted screening’ may accurately detect ‘clinically significant’ 
prostate cancer, resulting in a more effective screening programme 
for this disease. The use of single nucleotide polymorphism (SNP) 
analysis, for example, may enable improved targeting of men 
potentially harbouring ‘clinically significant’ disease. The ERSPC 
has demonstrated that screening reduces the detection of locally 
advanced and metastatic prostate cancer. This in itself could be 
used as a powerful argument for the introduction of screening, but 
not before we improve methods of discriminating men who are at 
risk of having significant prostate cancer before the diagnosis, and 
those with the diagnosis of early disease who can be kept safely 
within a window of curability through refined active monitoring 
protocols, novel panels of biomarkers and reliable risk calculators. 


Conclusion 


Prostate cancer screening remains controversial. Current published 
data do not justify implementing prostate cancer screening based 
on PSA testing, as stated recently by the NHS Prostate Cancer 
Risk Management Programme. Future efforts should be directed 
at targeting screening towards men at high risk of ‘clinically sig- 
nificant’ disease who will benefit from treatment, possibly using 
genetic markers. This warrants urgent translational research for 
the development of novel prognostic biomarkers and reliable risk 
calculators. 


Further reading 
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OVERVIEW 


e Active surveillance (AS) is a management option in prostate 
cancer, the primary aim of which is to avoid unnecessary 
treatment in men with indolent cancers 

e AS is an intervention undergoing evaluation and awaiting level 
one evidence from randomised control trials (RCTs) for safety 
and quality of care to support its use 


e AS is an option for carefully selected low risk patients who are 
candidates for curative intervention should clinical parameters 
indicate that the disease is no longer indolent 


In general, AS protocols require regular clinical examination, PSA 
testing and repeat prostate biopsy 


Limited published follow-up is available for patients on AS 
protocols, the results of several RCTS are awaited 


Introduction 


According to Cancer Research UK (2010), prostate cancer (CaP) is 
the most common cancer in men in the UK. However, it is clear 
that a significant proportion of patients diagnosed with CaP will 
never develop symptoms nor see a reduction in their life expectancy 
due to the disease. In addition, we know that treatments for CaP 
may actually cause significant morbidity, including urinary incon- 
tinence, erectile dysfunction and an increase in cardiovascular 
morbidity. It is therefore vital that intervention for CaP is offered in 
a timely fashion to those who will benefit while treatment is deferred 
in those who will not. Some statistics on prostate cancer risks are: 


e The lifetime risk of dying from CaP is 1 in 33. 

e The risk of a man over 50 years of age being diagnosed with CaP 
is 1 in 6. 

e The risk of a man over 50 years of age having histological evidence 
of CaP is 1 in 3 (on autopsy). 


It can be inferred from these figures that the incidence to mortality 
ratio is almost 8:1. It could be argued that this corresponds to a 
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degree of over-diagnosis, i.e. patients being diagnosed with CaP 
when the disease will not affect them clinically nor shorten their 
life span. 


What is active surveillance? 


Active surveillance (AS) is a methodology of patient monitoring 
with the primary aim of avoiding unnecessary treatment in men 
with indolent cancers. Follow-up ideally identifies those patients 
who have progressive cancers at a stage where intervention will still 
be curative. It is therefore indicated in those who have potentially 
curable disease but do not require this at the time of diagnosis or in 
those who wish to defer intervention for as long as is safe, with the 
aim of avoiding the complications of intervention. It may also be 
used as part of a treatment strategy in those who intend to undergo 
curative treatment but wish to defer this for a period of time until 
circumstances allow. 


Why is active surveillance an option 
in prostate cancer? 


From 1990-2002, the annual age-adjusted incidence of prostate 
cancer increased twofold. This increase was largely due to PSA test- 
ing enabling the detection of low-grade, low-volume (<0.5 cm?) 
and impalpable disease in asymptomatic men. This corresponds to 
considerable lead-time bias, reported as between 9.9-13.3 years, 
as tumours are diagnosed well before they may become clinically 
relevant. Although the natural history of prostate cancer is hetero- 
geneous, and not fully understood, it has been argued that around 
60% of these men would not experience clinically significant pro- 
gression during their lifespan due to age at diagnosis, competing 
co-morbidities or low-grade tumour status. Active surveillance 
aims to identify this group who will not develop clinically signifi- 
cant disease, sparing them the morbidity of over-treatment, while 
identifying those in whom disease progression is likely. 


What is the difference between active 
surveillance and watchful waiting? 


Watchful waiting is an approach usually employed in elderly men 
with significant co-morbidity who are asymptomatic. It is the 


postponement of therapy (usually hormone manipulation) until 
symptoms occur with the intention to palliate CaP rather than 
attempt to cure it, as with active surveillance. 


How is active surveillance undertaken? 


The inclusion of AS in the National Institute for Clinical Excel- 

lence (NICE) guidelines (2008) infers that there is consensus on the 

method of AS when, in actual fact, none exists. AS is an intervention 

undergoing evaluation and awaiting level one evidence from ran- 

domised control trials for safety and quality of care to support its use. 
The common features of the differing protocols include: 


e regular physical examination (including digital rectal examina- 
tion, DRE); 

e regular serum PSA; 

e repeat prostate biopsies. 


The ideal interval between investigations is unknown and is the sub- 
ject of current study. A typical regime would involve three-monthly 
PSA estimations, six-monthly DREs and repeat prostate biopsy 
at between one and two years after initial diagnosis. This regime 
would continue in those who remain stable with no evidence of 
clinical, biochemical or histological progression. Around 10% of 
patients opt out of active surveillance programmes out of choice, 
unwilling to live with the perceived degree of uncertainty this type 
of monitoring incurs. 


What is the evidence for active 
surveillance? 


If we extrapolate data from patient groups from the pre-PSA 
era, a significant proportion with low-grade, low-volume disease 
who are initially identified by PSA screening alone will have a 
longer than 20-year disease-specific survival with no treatment. 
Current data support this hypothesis but, however, are derived 
from non-mature randomised controlled trials with follow-up of 
less than 10 years. These AS studies in patients with CaP (predomi- 
nantly identified by PSA screening rather than those presenting with 
symptoms or abnormal clinical examination) consistently show low 
rates of tumour progression and high rates of disease-specific sur- 
vival (10-year CaP specific survival rates of 99-100%). In the 
same studies, the proportion of patients opting out of AS proto- 
cols to undergo intervention ranges from 14-31%. However, the 
median range of follow-up in these patients is 24-64 months and 
longer-term data are awaited. Several international studies are under 
way, including Standard Treatment against Restricted Treatment 
(START), Prostate Testing for Cancer and Treatment (ProTeCT), 
Prostate Cancer Intervention Versus Observation Trial (PIVOT) 
and Prostate cancer Research International: Active Surveillance 
(PRIAS). 


For which patients is active 
surveillance an option? 


Serum PSA, tumour grade and tumour volume may be used to 
predict risk of progression of CaP. Current nomograms (of which 
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Table 7.1 Risk categories for CaP-specific progression at 10 years. 

Risk Clinical stage PSA Gleason score 
Low risk Tla-T2a <10ng/ml 2-6 
Intermediate risk T2b-T2c 10-20 ng/ml 7 

High risk T3a >20 8-10 


there are at least 40 published variants) tend to be based upon 
follow-up of patients who have undergone radical intervention 
for CaP, usually radical prostatectomy, as tumour grade and vol- 
ume can be reliably measured in this group. However, the tools 
presently available provide a guide only and must be tailored to 
the individual. 

The majority of guidelines on active surveillance use the risk strat- 
ification parameters described by D’Amico and colleagues which 
have been validated in patients undergoing both radical prostatec- 
tomy and radical radiotherapy. Each risk category describes the risk 
of CaP-specific progression at 10 years (Table 7.1). 

Both the American and European Urology Associations recom- 
mend that active surveillance is discussed with low and intermediate 
risk prostate cancer patients. In 2008, NICE produced guidelines 
on the diagnosis and treatment of CaP. Active surveillance was 
recommended as first-line treatment for men with low-risk CaP. In 
response to concerns raised by UK urologists and oncologists due 
to the lack of long-term data on this treatment option, a joint NICE 
and British Association of Urological Surgeons (BAUS) statement 
was subsequently issued, confirming that all management options 
should be discussed with low risk patients. 

Several other variables are considered in addition to the clinical 
stage, PSA and tumour grade. These depend upon the AS protocol 
employed and include: 


e the percentage of positive cores taken at trans-rectal guided 
prostate biopsy and percentage of maximal core involved with 
prostate cancer; 

e PSA kinetics — including the estimated time for the PSA to double 
(doubling time) vs. PSA velocity and percentage of maximal core 
involvement (<50%); 

e PSA density (the PSA normalised for prostate volume estimated 
with trans-rectal ultrasound); 

e patients must be fully motivated to participate and understand 
that follow-up visits are mandatory in order not to miss possible 
tumour progression. 


Benefits of active surveillance 


AS is attractive to patients due to the lack of side-effects associated 
with curative treatment options. Many men with low-volume, 
low-grade disease will never need treatment, and elderly men will 
often die of another medical condition before their prostate cancer 
manifests clinically. 


Potential risks of active surveillance 


Determining which men are at greatest risk of disease progression 
is challenging. Most centres operate on a combination of Gleason 
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grade, PSA and clinical stage. There are currently studies comparing 
the velocity of PSA rise with PSA doubling time and considerable 
debate still arises as to which is the most accurate predictor of 
progression. 

As the prostate cancer is not actually being treated, there is 
always the possibility of disease progression that could ultimately 
lead to death. A more advanced stage of disease at a later date 
may have limited treatment options open to the patient with more 
unpalatable side-effects. Careful selection of patients onto an active 
surveillance programme is vital. Patients must be highly motivated 
and prepared for the degree of commitment that entering into an 
active surveillance programme entails. 

There is also the degree of psychological stresses that occurs due 
to the knowledge of being diagnosed with cancer without actually 
being treated for it. A proportion of patients find this unacceptable 
and decline AS for this reason. Studies have shown that having 
dedicated nurses for this patient group significantly decreases this 
anxiety by providing the reassurance of having easy access back into 
medical care. 


When to identify that the disease 
has progressed? 


Identifying significant disease progression is the key to successful 
AS and the ability to offer radical treatment while the condition 
is still curable. Many different regimes have been published and 
there continues to be a lack of cohesion in deciding an appropriate 
regime. Most agree that the following are important: 


change in DRE; 
rising PSA — either PSA velocity or doubling time. CaPSURE 
demonstrated this was the greatest trigger for active treatment. 


However, the randomised control trial from the Scandinavian 
Prostate Cancer Study Group showed that it was unsafe to 
use PSA kinetics in isolation as a marker to exclude disease 
progression. 

increased Gleason grade; 


increased tumour volume on biopsy, though the debate as to 
which is most reliable of standard trans-rectal biopsy versus 
trans-perineal template and saturation biopsies remains. 


The role of serial imaging is under investigation. 


The decision to progress from AS to radical treatment should be 
made with the patient and based on co-morbidities, life expectancy 
and personal preference. 


Future directions 


There has been considerable interest in the use of novel bio- 
markers for predicting the behaviour of individual tumours, e.g. 
TMPRSS2:ERG gene fusion, which may predict a more aggressive 
disease phenotype. Gene signatures including gains 11q13.1 and 
deletions 8p23.2 have been shown to predict PSA recurrences post 
prostatectomy, irrespective of grade and stage of primary tumour. 


Conclusion 


Active surveillance is an alternative to immediate treatment of 
localised prostate cancer in men with presumed low-risk disease. 
Cancer registry data suggest that active surveillance is a currently 
under-utilised treatment option. This is in part due to concerns 
of missing clinically significant disease progression. Medium-term 
studies seem to confirm that in carefully selected men, delayed treat- 
ment does not appear to compromise outcomes for these patients, 
however, prospective studies of AS entry criteria are required in 
order to standardise the definition of ‘low-risk’. Long-term data 
from studies such as ProTeCT, START, PIVOT and PRIAS are 
awaited. 
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OVERVIEW 


e Indications for radical prostatectomy 

e Decision-making using determining factors 
e Pre- and post-operative care 

e Description of the surgical technique 


e The most frequent and important complications 


Introduction 


Radical surgical removal of the prostate has become the gold 
standard in the treatment of localised prostate cancer. Although 
radical prostatectomy (RP) only became widely adopted in the 
mid-1980s, the first radical perineal prostatectomy was performed 
over a century ago by the French surgeon Proust in 1901. However, 
most historical reviews will mention H. Young as the first to 
describe this procedure at the Johns Hopkins University. Millin was 
the first to describe a retropubic approach to the prostate, and the 
retrograde radical prostatectomy was first described by Chute, and 
a few years later by Campbell. 

The procedure remained very unpopular because of the high 
morbidity and blood loss, while it was often treating a cancer 
that was not life-threatening. Only later, with the study of the 
anatomy of the dorsal vein complex (DVC) and the neurovascular 
bundles (NVB) by Dr P. Walsh, together with the widespread 
application of PSA testing, has radical prostatectomy become more 
popular. 


Indications 


Radical prostatectomy has been shown to give the best long-term 
chance of cure from localised early prostate cancer. It is now 
considered the best way to eradicate organ-confined disease and 
selected cases of locally advanced disease. Disease-related factors, 
but also patient-related factors are important. 
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Disease-related factors 

In the treatment choice, PSA value, TNM stage, Gleason score and 
estimated tumour volume have to be considered. In the AUA and 
EAU guidelines, RP is recommended for T1 and T2 tumours, when 
life expectancy is good. EAU guidelines do recommend watchful 
waiting for Tla tumours in older men. The British Association 
of Urologists (BAUS) has issued wider indications for watchful 
waiting. Until recently, T3 disease was considered advanced, and 
urologists were reluctant to perform surgery. Now most guidelines 
agree on cT3 as a surgical disease in well-selected patients, and in 
multimodal treatment. 


Patient-related factors 

Age 

Age at diagnosis is considered a strong predictive factor of cure of 
disease. Studies show a better long-term cancer control after radical 
prostatectomy in patients aged under 50. 

In many centres, radical prostatectomy is advised up to 75 years 
of age, and for men with a life expectancy of at least ten years. Life 
expectancy, however, has to be regarded as a more important factor 
than age. 


Surgical risk 

It is important to do a thorough check-up on the general health 
status and co-morbidities in every patient to assess the surgical risk, 
and the risk—benefit ratio. It has to be mentioned that obesity is an 
important factor, not only for the direct surgical risk due to a more 
difficult procedure, but a higher BMI is related to higher grade 
disease, more extraprostatic extension, and more positive surgical 
margins. Obesity can be a reason for preferring open radical 
prostatectomy over laparoscopic or robotic procedures, because of 
the higher anaesthetic risks of the necessary Trendelenburg position 
in the latter approaches. 


Surgical technique 


Pre-operative preparation 

After having diagnosed prostate cancer on a trans-rectal ultrasound 
(TRUS) guided biopsy, it is best to wait a couple of weeks before pro- 
ceeding to radical prostatectomy. In the case of transurethral resec- 
tion of the prostate (TURP), one should wait 12 weeks at least. Both 
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procedures cause an inflammatory effect, and possible haematoma, 
which could make it more difficult to find the correct anatomical 
planes during the radical prostatectomy and so raise the chance 
of surgical complications, such as rectal injury. They also render 
more difficult the evaluation of possible extraprostatic extension, 
or the preservation of the neurovascular bundle. Pre-operatively, 
the decision has to be made whether a nerve-sparing procedure will 
be attempted, taking localisation, grade, extent, and the finding of 
digital rectal examination, TRUS and/or MRI into consideration. 
An important factor in the preparation for surgery is the colon 
preparation although some experts no longer advocate this. A clean 
and empty colon is important both for surgical access, and in case of 
a rectal injury, to avoid massive contamination of the surgical field. 


Anaesthesia 

Nowadays most centres prefer a combined spinal-epidural anaes- 
thetic instead of a general anaesthetic. Studies show that this 
approach gives less peroperative blood loss, quicker recovery, and 
less post-operative pain. Reports suggest that there is less chance of 
deep venous thrombosis and pulmonary embolism. 


Procedure 

The patient is placed in a supine position, with slight flex on 
the table, and some Trendelenburg to give better access to the 
pelvis. At the beginning of the procedure, a catheter of >20 French 
is inserted. 

Depending on the centre, incision can be midline sub-umbilical, 
which is most common. A Pfannenstiel incision can be helpful if a 
hernia has to be repaired, but tends to be less satisfactory to reach the 
deep pelvis. Radical prostatectomy is performed extra-peritoneally 
so the pre-peritoneal space of Retzius is opened. By gentle cephalad 
retraction of the bladder and sweeping off fatty tissue, the anterior 
aspect of the prostate end the endopelvic fascia are exposed. If 
necessary, a limited or extended lymph node dissection is carried 
out at this stage of the procedure. 

Incision of the endopelvic fascia is done on both sides; this has to 
be done on the levator ani muscle laterally, in order not to damage 
the dorsal vein complex (DVC) (or Santorini’s plexus). Next, the 
puboprostatic ligaments are divided to get access to the apex of the 
prostate and the overlying venous complex of Santorini (Figure 8.1). 

By palpation, the plane between Santorini’s and the urethra is 
identified, and a large distal ligation stitch of the DVC is placed. A 
second suture is placed at the base of the prostate to prevent back 
bleeding. Now the DVC can be divided by electrocautery or sharp 
dissection. Any bleeding from the DVC is over-sewn at this stage. 

Next, by gentle blunt dissection, very close to the urethra, the 
NVB are separated from the prostatic apex. A right-angled clamp 
is passed under the urethra, to avoid rectal injury, and the urethra 
is divided by sharp dissection. At this stage, some urologists insert 
some urethral stitches for the later anastomosis. 

The apical dissection is a critical manoeuvre in the procedure, 
first of all because of the close relation to the NVB, but also because 
it has to be resected completely to avoid apical positive margins. 

Next, the posterior aspect of the prostate is bluntly dissected 
with the index finger. At this stage, depending on the indication 
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Figure 8.1 View on anterior side of Prostate (Pr). P, puboprostatic ligament; 
dvc, superficial dorsal vein complex; EPF, opened endopelvic fascia. 
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Figure 8.2 Transsectional view of prostate specimen. Dotted zone is the 
tumor, covered by the resected NVB, the other side is nerve sparing. 


of a nerve-sparing or non-nerve-sparing procedure, the NVB is 
either taken along with the prostate, or the lateral dissection is done 
closely to the prostate, without touching the NVB (Figure 8.2). 

Now the dorsal dissection is extended cranially towards the 
seminal vesicles (SV), with excision of Denonvillier’s fascia along 
with the prostate. The SV are then dissected, the artery at the tip of 
the vesicle is clipped and the vas deferens is transsected. 

The bladder neck can either be spared or resected (Figure 8.3). 
In the latter case, a racket reconstruction is performed with careful 
avoidance of the ureteral orifices. 

Now the prostate is fully resected, and the specimen is checked 
for capsular incision. If an incision is found, an extra resection can 
be done at the corresponding location. 

Meticulous hemostasis is done, avoiding the use of electro- 
cautery in the case of a nerve-sparing procedure (Figure 8.4). 
Anastomosis between the bladder neck and the urethral stump 
is performed with 4 or 6 seperate stitches. A 3-0 monofilament 
resorbable thread is used. 


Figure 8.3 Bladder neck sparing prostatectomy: B, bladder, P, prostate; bn, 
bladder neck. 


Figure 8.4 View of pelvis post resection and hemostasis. Nv, neurovascular 
bundle; R, rectum. 


The last step of the procedure is the vesico-urethral anastomosis. 
After placing a 16F Foley catheter, four sutures are placed at 2, 5 7 
and 10 o’clock. The bladder comes down and the sutures are tied 
while traction is applied on the inflated balloon catheter. 

The anastomosis is checked for leakage, and two suction drains 
are placed in the pelvis. The abdomen is closed in layers, with 
staples on the skin. 


Post-operative care 

After radical prostatectomy, there is no need for intensive care 
hospitalisation. Pain control is perfect with a patient controlled 
analgesia (PCA) pump, which is left in situ for two days. 

The main points of interest post-operatively are general status, 
wound control, drain volume and bowel movements. As soon as 
peristalsis is restored, feeding starts gradually, mostly on the second 
post-operative day. Drains are removed when daily production is 
less than 10 ml. 


Open Radical Prostatectomy 27 


To prevent thrombo-embolism, low molecular weight heparin 
is started according to patient weight and risk factors and is best 
continued for 35 days. 

Median hospital stay after open radical prostatectomy is 4—6 
days. The urethral catheter stays in situ for about 10 days, after 
which it can be removed. A cystogram is only done before removal if 
any post-operative problem has occurred that might cause leakage. 
Immediately after removal of the catheter, pelvic floor exercises are 
started, to improve continence. 


Complications 


Early complications 

There are conventional perioperative or early post-operative com- 
plications such as wound infection, post-operative ileus, DVT and 
pulmonary embolism. More specifically, after radical prostatec- 
tomy, post-operative bleeding is not a rare event. It is mostly caused 
by bleeding of the DVC, but also in nerve-sparing procedures, there 
is a higher blood loss. This will only rarely exceed 1000 ml. 

Rectal injury is also a possibility during this procedure, but a 
temporary protective colostomy is only very rarely indicated. When, 
however, a urethrorectal fistula occurs, an immediate colostomy is 
mandatory. Previous TURP or rectal surgery gives a higher chance 
of rectal injury. 

Dehiscence of the anastomosis almost only occurs after 
unfortunate accidental withdrawal of an inflated balloon catheter. 
Conservative management with a prolonged, correctly placed 
indwelling catheter is mandatory. 


Late complications 
The specific long-term complications of radical prostatectomy are 
incontinence, erectile dysfunction and urethral stricture. 


Incontinence 

For most patients, this is the most disabling complication. The 
incidence varies from 3—30%, according to the literature. In expe- 
rienced hands it is less than 10%. More than 90% of patients regain 
continence in the first year, and 95% of patients are satisfied with 
the degree of incontinence. Pelvic floor exercises, eventually started 
before surgery, are helpful. 


Erectile dysfunction 
The degree of erectile dysfunction depends mainly on the quality 
of the nerve-sparing procedure. Even if NVB is spared, elongation 
(neurotmesis) of the nerve occurs and re-enervation will take about 
8-9 months. Depending on age, the recovery is about 60-75% for 
patients under 60, dropping to 45-50% for patients over 65. 
Starting PDE-5 inhibitors early could improve the recovery of 
the erectile function. Some experts will advocate an early start of 
self-injection therapy. 


Anastomotic stricture 

In 0.5—9% of cases, anastomotic stricture occurs. The incidence 
is higher if previous TURP has been performed, or if the bladder 
neck is resected. Initial treatment with urethral dilatation can be 
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OVERVIEW 


e Radical prostatectomy is the gold standard treatment for 
organ-confined prostate cancer 


Surgery can be achieved safely and with excellent outcomes 
using laparoscopic techniques 


Patients must understand the risks of post-operative 
incontinence and erectile dysfunction. These can be minimised 
by pre-operative counselling, operative technique and 
post-operative rehabilitation therapy 


Laparoscopic radical prostatectomy should be performed in high 
volume centres where training and mentorship can ensure high 
quality outcomes while optimising learning curves. 


Continuous audit enables early identification of problems and 
facilitates improved outcomes. Run charts detailing consecutive 
patients are useful 


Introduction 


The key outcome measures for radical prostatectomy are oncologi- 
cal control of CaP with preservation of sexual function and urinary 
continence. The aim is to achieve these measures safely with as 
little suffering and discomfort for the patient as possible within the 
financial constraints of the providing healthcare system. 


Advantages of laparoscopy 


The magnification used in laparoscopy offers high definition expo- 
sure of the pelvic organs without the trauma of access of open 
surgery. In addition, it allows precise identification of fascial planes 
and structures such as the neurovascular bundles which lie alongside 
the prostate, vital in preserving sexual function and continence. An 
accurate vesico-urethral anastamosis is facilitated by laparoscopy. 
The pneumoperitoneum provides the space and the positive pres- 
sure to limit low pressure blood loss. Tactile feedback is main- 
tained in laparoscopy and is yet to be reproduced using the robotic 
platform. 
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History of laparoscopic radical 
prostatectomy 


Laparoscopic radical prostatectomy (LRP) was first described by 
Schuessler et al. in 1997. LRP has been performed in and exported 
by the Institut Mutualiste Montsouris, Paris, since January 1998 
under the stewardship of Professor Guy Vallancien. This technique 
was initially disseminated throughout Europe where the benefits 
of laparoscopy have been embraced for many years. LRP has 
been refined with improved imaging and surgical equipment and 
a constant drive to improve outcomes from surgeon to surgeon, 
institution to institution and from technique to technique. It is from 
the seed of laparoscopic radical prostatectomy and the challenges 
it posed to open surgery, along with opportunity it gave to robotic 
surgery that so much of the improvement in outcome of radical 
prostatectomy has come. 


Patient selection 


Patients are selected for surgery on the basis of several factors. These 
can broadly be divided into disease-specific and patient-specific 
factors. 


Disease-specific factors 
Is the CaP organ confined? This decision is based on the following 
items: 


e pre-treatment PSA 

e digital rectal examination 

e grade and volume of disease on prostate biopsy 

e staging examinations (MRI and bone scan where 
appropriate). 


Patient-specific factors 

Is the patient fit for surgery and will he benefit from an attempt 
at curing CaP which, in some cases, may only become clinically 
apparent 10 years after diagnosis? The decision is based on the 
following factors: 


e age 
e fitness and performance status 
e co-morbidities 


29 


30 ABC of Prostate Cancer 


e previous pelvic surgery or radiotherapy 
willingness to accept surgical intervention and usual postopera- 
tive course as well as possible complications. 


The above factors are taken into account with every patient. 
To optimise outcomes, CaP treatment must be tailored to the 
individual. For some men, surgery is unacceptable. For others, 
having complete removal of a cancerous organ is the only option. 
Specific anaesthetic contra-indications for laparoscopic surgery are 
high intra-cranial pressure and severe cardio-pulmonary disease. 

Surgical challenges include obese patients, big prostates, a small 
bony pelvis, middle lobes, the need for nerve-sparing or wide 
local excision (highest risk of rectal injury), previous TURP and 
previous abdominal surgery including extraperitoneal hernia mesh 
placement. 


Operative details 


Position 

The patient is placed supine with the legs abducted to allow for 
access to the rectum and closer placement of the monitor. The 
patient is draped and pressure points are protected. Transperi- 
toneal surgery requires an exaggerated Trendelenberg (head down) 
position whereas in extraperitoneal surgery the patient may be 
almost supine. 


Port placement 
Port placement varies from surgeon to surgeon and is dependent 
upon the patient’s anatomy, namely the distance between umbilicus 
and symphisis pubis and width of the true pelvis. Five ports are 
usually used. A 10mm umbilical camera port, three 5mm ports 
and a 10mm port. Two surgical ports in each of the left and right 
iliac fossa with the 10 mm port placed according to preference for 
the needle driver and 10 mm instrument access (Figure 9.1). 

The surgeon stands to the left of the patient, the assistant on the 
right, both facing the feet of the patient. Ideally, a robotic system 


Figure 9.1 Composite picture showing typical port placement and monitor 
position. 


for operating the camera is used to give image stability and optimal 
positioning. 


Transperitoneal vs. extraperitoneal 

The procedure may be transperitoneal with or without primary 
dissection of the seminal vesicles via the peritoneal reflection of 
the rectovesical pouch or it may be extraperitoneal using various 
means to develop the space anterior to the bladder. There are 
no specific anatomical contraindications for the transperitoneal 
approach although previous abdominal surgery can make this 
difficult, requiring time-consuming adhesiolysis. Extraperitoneal 
surgery can decrease operative time in this group as well as in obese 
patients. Previous laparoscopic mesh hernia repair is a relative 
contraindication for an extraperitoneal procedure due to difficulty 
in developing the space of Retzius. The main problem executing the 
extraperitoneal approach concerns the vesico-urethral anastomosis 
that is performed under more tension than the transperitoneal 
procedure. The tension stems from the fact that the bladder has 
not been completely mobilised as it has in transperitoneal prosta- 
tectomy. Levelling the table, emptying the bladder and freeing the 
bladder’s attachments may resolve this. Anastomotic leakage is 
easier to manage after extraperitoneal surgery due to the absence 
of peritoneal irritation and ileus. Ureteric and bowel injury are less 
likely with extraperitoneal surgery although rectal injury risks are 
unchanged. 


Surgical technique 

Classically, LRP involves mobilisation of the prostate and bladder 
by excising the anterior fat and incising the endopelvic fascia 
bilaterally (Figure 9.2). The anterior dorsal venous complex is 
then ligated. The anterior and posterior bladder neck is divided, 


Figure 9.2 Typical immediate post-op appearance of abdomen. 


dissection is continued posteriorly to deliver the seminal vesicals. 
The posterior leaf of Denonvillier’s fascia is incised and the fatty 
plane between rectum and prostate developed. The lateral prostate 
pedicles are divided with release or excision of the neurovascular 
bundles. The decision-making process on how to deal with the 
neurovascular bundles starts pre-operatively with assessment of 
pre-operative erectile function and disease burden. This guides the 
balance between ensuring oncological control and preservation of 
erectile function. The distal apex of the prostate is then dissected and 
the urethra is divided. Haemostasis is secured and the posteriorly 
situated rectal wall is checked. In essence, the entire prostate is 
removed as well as the seminal vesicles. In addition, each vas is 
divided with the distal end being included in the surgical specimen. 
Men are therefore sterile following this procedure. The bladder is 
then brought down to the urethral stump and a circular anastamosis 
performed, either interrupted on continuous, around a urethral 
catheter. The catheter is removed at 7—10 days post-operatively. 


Post-operative course 
In general, patients recover well after LRP. Average post-operative 
hospital stay is one or two days. This is dependent upon pre- 
operative counselling including training patients in the use of a 
catheter, good post-operative analgesia and a surgical/nursing team 
focused on early mobilisation and discharge planning. However, .. . 
Patients must not underestimate the degree of post-operative 
fatigue out of keeping with the small wounds. The surgical incisions 
are consistent with removal of small sebaceous cysts, however, 
this is major surgery. Common and not so common questions/ 
problems/issues are listed below: 


e Patients should not drive or cycle with a catheter. 

e Heavy lifting is to be avoided for around six weeks. 

e Patients should get back onto full diet only when they are passing 
flatus freely. 

e Patients should not be straining at stool post-operatively. Lactu- 
lose is useful. 


Figure 9.3 Typical dry lab ‘training box’ in use. 
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e Urine bypassing and peri-catheter blood and discharge are to be 
expected. 

e If the catheter is blocked, the specialist team should be consulted. 
Changing a blocked catheter post radical prostatectomy can 
be disastrous if the new catheter disrupts the vesico-urethral 
anastamosis. 


Complications — early 
The commonest early post-op complications are urine leak and 
pelvic haematoma. 


e Usually a urine leak is not an anastomotic disruption but a small 
hole siphoning preferentially down the drain. 

e A pelvic haematoma usually presents as pain. The options are 
early exploration vs. prolonged catheterization if the diagnosis is 
delayed. This is necessary as the haematoma will cause a degree 
of anastomotic disruption. 

e Urosepsis is the rarest complication following LRP. If a patient 
is septic, a bowel injury must be excluded with a soluble con- 
trast enema with or without a contrast-enhanced CT. The only 
definitive test to identify a low rectal injury is a gastrograffin 
enema. 

Port hernias are rare. 

e Similar incidence is reported for late inguinal hernias in the 
age-matched population. 


Complications — late 


e Persistent incontinence — If a patient is wet, accept it and refer 
for a specialist continence opinion. Only then can the patient 
decide to put up with it, wait and see or decide on a surgical 
solution. 

e Erectile dysfunction — If a patient has significant erectile dys- 
function and is bothered, address it. Refer them to the erectile 
dysfunction team. There should be someone with a special inter- 
est in this group. There will be a solution with tablets, pellets, 


pumps, injections, bands or prosthesis. 
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Table 9.1 Comparative costs of prostatectomy. 
Financial summary Open (£) Laparoscopic (£) Robotic (£) 
ational tariff 4974 4736 4974 
Less 30% for Trust overheads 3482 3315 3482 
Robotic surgery top-up tariff 2601 
Consumables —605 —750 —2500 
Consultant cost —250 —200 —250 
unior cost 0 0 0 
Theatre cost —1740 —1392 —1740 
Ward stay —1003 —453 —678 
Robot servicing and —675 
maintenance 
Theatre time extension —700 
Sub-total —116 520 240 
Two cases per day —232 1040 480 
Theatre time extension —700 
Total —232 1040 —220 
at 200 per year —23200 104000 —22000 


Training 


LRP is most likely delivered by a dedicated surgeon, willing to 
invest time and energy in continuous learning and improvement, 
in a high volume centre with a continuous audit of outcome to 
indicate the need for improvement. It is important to be able to 
disseminate the technique safely and effectively. That is to say, 
one must be able to teach the technique so that it can be taken 
up with minimal negative outcomes during the learning curve. 
LRP involves a difficult and complex combination of skills to be 
able to control the instruments effectively, which requires a great 
deal of exacting practice and a multitude of surgical steps that 
need to be performed perfectly to achieve the target goals. The 
latter requires a detailed knowledge of the operation from open 
surgical experience or fellowship training and an attitude to strive 
for perfection by reflecting on every step in detail and striving to 
improve. Thus, 80 hours of dry lab suturing (Figure 9.3), 80 cases as 
an assistant and 80 cases as primary surgeon are not unrealistic goals 
of training. 


Cost 


Being able to deliver a cost-effective radical prostatectomy within 
the financial constraints of the healthcare system is important 
although secondary to oncological, functional and safety outcomes, 
which are, however, more a reflection of surgeon technique and 
volume. The comparative costs at the authors’ institution where 
all the techniques are practised are demonstrated in Table 9.1. 
LRP is the most cost-effective method despite the top-up tariff for 
robotic surgery. 


Conclusion 


Broadly, there is good evidence that radical prostatectomy may be 
performed well by whichever means is chosen. Dedicated surgeons 
in high volume, well-supported institutions produce better results 
than those in low-volume programmes. Patients should choose 
their surgeon and hospital before their technique. Laparoscopic 
surgery has clear theoretical advantages over open surgery if both 
are compared when performed expertly. For patient, surgeon and 
managers, this holds true. The technical difficulty, the very long 
learning curve and the difficulty training surgeons in this technique 
limit its dissemination in the era of robotic surgery. Learning 
curves should belong to high volume institutions not individuals. 
Mentoring within high volume institutions will limit the morbidity 
of learning curves for patients. 
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OVERVIEW 


e Introduction to robotic prostatectomy and its history 
e Robotic technology 

e Surgical approach and techniques 

e Outcomes 


e Controversies 


Introduction 


Urologists have been at the forefront of the current drive towards 
minimally invasive surgical treatments especially with regards to 
localised prostate cancer. It soon became obvious in the late 1990s 
that laparoscopic radical prostatectomy (LRP) was an extremely 
difficult technique with a long learning curve that many urolog- 
ical surgeons were failing to overcome. The operation was often 
very long, required complex skills, and placed significant mental 
and physical strain on the surgeon, particularly during suturing. 
When a French team came to teach LRP to a group of US sur- 
geons at the Henry Ford Centre in Detroit, a new robotic system 
was being trialled and the collaborative group switched over to 
the new system with almost immediate success. Robotic-assisted 
radical prostatectomy (RARP) is considered by many to be the 
new gold standard approach to radical prostatectomy and has 
come a long way since the first procedure by Claude Abbou in 
Créteil, France, in 2001. The launch of the da Vinci® master-slave 
robotic system (Figure 10.1), named after Leonardo da Vinci’s 
robotic knight, by Intuitive Surgical, in 2001 provided a platform 
for minimally invasive prostatectomy that was more straightfor- 
ward to learn and easier for open surgeons to transfer to than 
laparoscopic prostatectomy. 

As a result, over 1000 of these da Vinci systems have been 
acquired in the United States where over 70% of radical prosta- 
tectomies are now performed robotically along with many other 
urological procedures and operations in other surgical disciplines. 
The UK currently has 27 systems, with several more planned. 
There are several other surgical robots in clinical use such as the 
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Figure 10.1 da Vinci's robotic knight. (Release Under the GNU Free 
Document Licence). 


older Zeus™ master-slave system and the ASEOP robot, a robotic 
camera/instrument holder, but none have penetrated the surgical 
marketplace with anything like the success of the da Vinci. 


Robotic technology 


The da Vinci robot is the primary operative robot throughout 
the world and was originally conceived as a means of remotely 
operating in space or on the battlefield. It is not a true ‘robot’ 
but rather a master-slave system consisting of three major parts; 
the operating console that is non-sterile and placed separately to 
the patient, the endoscopic stack containing the light source and 
insufflation equipment, and the surgical cart itself with three or 
usually four robotic arms (Figures 10.2 and 10.3). 

The initial standard system has been upgraded to a da Vinci S, Si, 
or S HD. The system uses stereoscopic viewing with dual cameras 
(Figure 10.4) to immerse the surgeon in a three-dimensional 
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operating field. The surgeon’s console contains the master 
controls that the surgeon uses to manipulate the instruments. The 
surgeon’s forefinger and thumb sit on the handles or ‘Masters’ 
which intuitively translate the surgeon’s natural hand and wrist 
movements into corresponding, precise and scaled movements 
of the robotic arms (Figure 10.5). This extensive range of motion 
allows precision that is not available in standard laparoscopic 
procedures. These ‘Endowrist™’ instruments have six degrees 
of freedom and are only able to move when commanded by the 
surgeon (Figures 10.4 and 10.6). 


Figure 10.2 da Vinci console, cart and stack. Courtesy of Intuitive Surgical: 
from the Intuitive Surgical Website. 


Figure 10.5 da Vinci arm mechanism. Courtesy of Intuitive Surgical: from 
the Intuitive Surgical Website. 


Figure 10.3 da Vinci S robotic arm. Courtesy of Intuitive Surgical: from the 
Intuitive Surgical Website. 


Figure 10.4 da Vinci Endowrist scissors. Courtesy of Intuitive Surgical: from Figure 10.6 Endowrist™ finger holders. Courtesy of Intuitive Surgical: from 
the Intuitive Surgical Website. the Intuitive Surgical Website. 


There is almost complete removal of tremor and there is also 
motion scaling of the instruments by a factor of 3, 5 or 10:1. The 
primary surgeon is comfortably seated at the console providing 
ergonomic positioning and allowing the operation to occur in 
comfort. It is even possible to have the surgeon positioned some 
distance from the patient outside the main operating room 
(Figures 10.7 and 10.8). 

The usual benefits of minimally invasive surgery are reported 
by most centres performing RARP, including reduced blood loss 
and the need for blood transfusion, reduced post-operative pain, 
reduced scarring, an earlier hospital discharge in most centres and 
an earlier return to work or normal activity. There are also potential 
benefits in terms of improved cancer control by reducing positive 
surgical margins, earlier return to full continence and improved 
identification and preservation of the cavernous nerves for erectile 
function. The latter do not have level I evidence. 

The da Vinci robotic system is generally most useful in procedures 
which have a reconstructive element requiring the surgeon to cut 


Figure 10.7 Robotic theatre set-up. 


Figure 10.8 da Vinci S instrument arm. Courtesy of Intuitive Surgical: from 
the Intuitive Surgical Website. 
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and suture at awkward angles. Dry lab training can improve surgical 
skills in this area. It is also possible that the improved dexterity 
and visualisation may allow a more precise procedure with fewer 
complications. 


Surgical approach and technique 
Approach 


Most centres use a trans-peritoneal approach but an extra- 
peritoneal technique is also possible. The patient is placed supine 
with Trendelenberg tilt (head down) following securing to prevent 
operative sliding. A urethral catheter is placed and the pneumoperi- 
toneum is established using either a Verres needle or the open 
Hassan technique. Six robotic/laparoscopic ports are introduced 
and the robot is docked onto the patient. Most centres employ 
an anterograde dissection to the prostate from the bladder neck 
forward to the prostatic apex. 


Mobilisation and dorsal venous complex control 
Any obstructing intra-peritoneal adhesions are taken down and the 
small bowel/sigmoid colon pushed cranially to make space. The 
bladder is mobilised from the anterior abdominal wall, dropped 
down, the endopelvic fascia incised and peri-prostatic fat cleared. 
The dorsal vascular complex to the prostate is identified and 
generally sutured with one or two interrupted dissolvable sutures. 
The complex may be suspended from the pubis anteriorly to aid 
haemostasis and assist continence. 


Bladder neck, seminal vesicles/vasa, 

and posterior dissection 

The anterior bladder neck is divided close to the prostate and the 
ureteric orifices identified and avoided. The posterior bladder neck 
is divided, Denonvillier’s fascia is incised and the seminal vesicles 
and vasa are identified and mobilised using as little thermal energy 
as possible. 


Pedicle control and nerve sparing 

The vascular pedicles to the prostate are divided using Hem-o-Lok 
clips or metal ligaclips. Occasionally ifnerve-sparing is not required, 
e.g. in locally advanced disease or when operating on an impotent 
patient, diathermy is used. Generally an athermal technique is used 
to peel the neurovascular bundles away from the prostate towards 
the apex of the gland. Pre-operative assessment including the 
numbers of positive biopsies, the Gleason grade, MRI findings and 
clinical stage will determine the degree of erectile nerve preservation 
that is attempted for each side. 


Apical dissection and reconstruction 

The apex of the prostate is dissected and the urethra is divided. 
The specimen is placed into an endoscopic bag for later retrieval. A 
running anastomosis using monofilament suture is performed with 
10-12 bites on each side and a knot is tied anteriorly (Figure 10.9). 
A large two-way urethral catheter is inserted and the anastomosis 
leak tested to ensure its integrity. 
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Figure 10.9 Vesico-urethral anastomosis model. Courtesy of Mr Declan 
Murphy. 


Closure, drain, management 

A drain is placed through a port site with its end near the anasto- 
mosis, the specimen is retrieved from the peri-umbilical port and 
the individual ports are closed with deeper fascial sutures for the 
larger ones. The patient can move after 2—4 hours, and the drain 
is removed the next morning if dry. A soft diet is maintained until 
the bowels open normally and the patient can usually go home on 
post-operative day 1 or 2. The catheter is removed at 7—14 days 
depending on the centre and a cystogram may be performed to 
check for anastomotic leakage prior to catheter removal. 


Outcomes data 


In order to be successful, RARP needed to match the oncological and 
functional outcomes of open radical prostatectomy while providing 
the additional benefits of the minimally invasive approach. The fact 
that so few surgeons have gone back to the open approach having 
experienced RARP is testament to its ability to achieve these goals. 
Patients are rarely transfused, may go home after 24 hours, have 
low complication rates (Clavien Grade >3 circa 5%). The overall 
success of radical prostatectomy by any technique is measured by 
the so-called ‘trifecta’ of oncological control, urinary continence 
and erectile function. Several very high-volume centres have pub- 
lished outcomes that are comparable to the best in the history of 
open surgery. It has become increasingly clear that the individual 
surgeon’s skill and experience are extremely important to clinical 
outcomes whichever surgical approach is employed. With this in 
mind, the positive margin rates for RARP are encouraging with 
rates for T2 and T3 disease at around 10-15% and 30—40% in most 
published series with some centres quoting rates as lowas 5 and 25% 
respectively. Long-term oncological data are still awaited in most 
centres due to the novelty of the technique and the relative imma- 
turity of the follow-up, however, early signs are very encouraging. 
Regarding functional outcome data, this is a difficult area to assess 
due to the initial lack of standardisation of terminology between 


some centres. Generally most units would expect a continence 
rate at one year post RARP of over 90% as defined by no pad 
use or a single security pad. With regards erectile dysfunction in 
men undergoing RARP who have had a full bilateral nerve spare, 
most quote rates of penetrative intercourse of between 50-70% 
depending on the patients’ age and pre-existing erectile function. 


Controversies 


The major controversies regarding RARP surround the marketing 
of the robotic system itself and the reporting of oncological and 
functional outcome measures. There is little doubt that the intro- 
duction of RARP has served to raise the bar for all approaches 
to radical prostatectomy, both in terms of how specific outcomes 
are recorded and the measures of quality expected by the surgeons 
and patients alike. The excellent vision afforded by the da Vinci 
system has allowed urological surgeons to appreciate anatomy that 
was previously very difficult to accurately see. The focus on the 
technical nuances of the procedure has been immense. However, 
RARP is certainly not easy to learn and requires significant dedi- 
cation and practice, but it is easier to grasp and perfect than LRP. 
This has opened the field of minimally invasive prostate cancer 
surgery to a larger number of surgeons, many of whom have lit- 
tle or no previous laparoscopic experience but can now produce 
excellent results. 

It is also true that many of the ‘benefits’ of RARP are excessively 
marketed by industry and individual robotic surgeons. Most major 
centres report outstanding oncological and functional outcomes 
when compared to the historical series of open radical prostate- 
ctomy. The drive towards further innovation in this area is huge 
with talk of new robotic platforms, intra-operative imaging and 
tissue analysis. There are no large RCTs in this area and as patients 
become increasingly well informed, the window of opportunity for 
trials to occur may already have passed. For the patient, the benefits 
of minimally invasive surgery are compelling and RARP is certainly 
here to stay. It looks to be the current gold standard for radical 
prostatectomy. 
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OVERVIEW 


Prostate brachytherapy is a form of targeted radiotherapy 


Brachytherapy offers a day-case radical treatment option for 
localised prostate cancer with a favourable morbidity profile 


Data beyond 12 years demonstrate the efficacy of prostate 
brachytherapy 


Modern techniques allow patients with large prostates or prior 
transurethral resection of the prostate to be treated 


Brachytherapy may be combined with external beam 
radiotherapy for higher risk patients, and may be used as a 
salvage treatment option after failed radiotherapy 


Introduction 


Brachytherapy is a form of radiotherapy. Rather than apply the 
energy in the form of X-rays from outside the body as in external 
beam radiotherapy (EBRT), radioactive sources that emit gamma 
rays are placed directly in, or in close proximity to the prostate gland. 
Data from several longitudinal studies inform us that oncological 
control is directly dependent on prescribed dose. Doses from EBRT, 
however, are limited by toxicity to the surrounding organs at risk 
(bladder, urethra and rectum) — also related to dose. The inverse 
square law governs the dose from a brachytherapy source such that 
there is a rapid fall-off of dose a short distance from the origin. 
Multiple sources, each with a ‘cloud’ of radiation, can be placed in 
such a configuration so as to provide a high dose to the prostate 
whilst minimising dose, and toxicity, to the surrounding structures. 

Prostate brachytherapy sources may be permanent in the form 
of seeds, or temporary (also known as high dose rate) with iridium 
wires. Temporary prostate brachytherapy is currently considered 
developmental. The seeds used in permanent low dose rate implants 
consist of titanium capsules, 4.5 by 0.8 mm, which encapsulate the 
radioactive sources. Palladium-123, Caesium-131 and Iodine-125 
isotopes are all used although none have been shown to be supe- 
rior in terms of either toxicity or disease control. For practical 
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purposes, Iodine-125 is used in the UK. Iodine-125 has a half-life 
of approximately 60 days and so an implant is considered active for 
ten months, or five half-lives. A typical Iodine-125 implant with 
a prescribed dose of 145 Gy will deliver the biological equivalent 
of up to 90 Gy of EBRT. Approximately 70 sources are used for a 
40cm? gland. 


Technique development 

The development of trans-rectal ultrasound in the early 1980s 
allowed accurate placement of brachytherapy sources via the 
trans-perineal route under image guidance. The early technique 
was developed in Seattle as a two-stage procedure. At first, the 
patient is placed in a lithotomy position and images of the prostate, 
urethra and rectum are captured. Those images are then used to 
plan the implant in relation to a brachytherapy grid placed over 
the perineum. At a later date, the patient returns for the implant: 
under anaesthetic the patient’s position is replicated as accurately 
as possible to match the pre-plan study; the sources, usually on 
strands, are placed according to the plan using preloaded needles 
inserted through the grid (Figure 11.1). A post-operative CT scan is 
commonly utilised in order to detect the seed positions in relation 
to the prostate and assess the dosimetry. 

The technique has evolved to a single-stage procedure with the 
use of nomograms and subsequent computerised planning systems 
that avoid issues with reproducing the pre-plan position. An inverse 
technique refers to the placement of needles before planning so that 
difficulties in reaching areas of the prostate (such as behind the 
pubic arch) can be overcome by adjusting the position intraopera- 
tively. Sources are placed individually in an ‘after-loaded’ manner. 
Modern techniques, known as dynamic dose-feedback, not only 
use computer software to create the inverse plan intraoperatively, 
but also record each seed position as it is placed in real time, and 
update the dosimetry accordingly (Figures 11.2 and 11.3). This 
allows on-table adjustments to be made before the patient leaves 
the operating room. 


Side effects 

The treatment is usually carried out as a day-case procedure and 
patients report a rapid return to usual daily activity. The implant 
is radioactive and bearing this in mind, men are asked to avoid 
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Figure 11.1 Needles are placed transperineally through a brachytherapy 
grid, parallel to a trans-rectal ultrasound probe and under image guidance. 
Aerosolized gel helps visualize the urethra. The patient is in an extended 
lithotomy position. 


prolonged contact with pregnant women and small children for a 
period of two months. Similarly, seeds may be emitted in the semen 
with ejaculation and so a condom is recommended for the first 
three emissions. 

A degree of urinary symptoms occur in the majority of men: 
initially there may be a reduction of flow due to swelling of the 
gland during the procedure. Retention rates are low (approximately 
5%) and usually recover after a short period of catheterisation. 
In men who require catheterisation for longer (1%), definitive 
therapy (such as transurethral resection) should be delayed for 
a year in order to allow the implant to treat the cancer and for 
resolution of radiation-associated symptoms. During this time, 
men may be managed with either intermittent self-catheterisation 
or a supra-pubic catheter. 

Radiation effects cause irritative urinary symptoms that peak at 
four to six weeks, but usually settle to baseline by nine months 
(Figure 11.4). Alpha-blockers are routinely prescribed and anti- 
cholinergics along with fluid advice are often helpful. Radiation 
effects on the bowel may cause diarrhoea in 5% of men and, rarely, 
bleeding occurs; this is self-limiting. Erectile function is commonly 
preserved following brachytherapy implant, at least for the first few 
years, with or without the use of phosphodiesterase-5 inhibitors. 


Figure 11.2 Three-dimensional representation of implant. The prostate is in 
red, urethra, green, and rectum, blue. The discrete green cylinders are 
radioactive seeds. 


Figure 11.3 Plain radiograph of pelvis with implant in situ. 


Cancer control 

Oncological surveillance is managed by serial PSA measurements. 
As with EBRT, the PSA can take up to two years and sometimes 
longer to fall to its nadir level. One-third of patients experience a 
‘PSA bounce’, whereby the PSA rises before falling again towards its 
nadir. The dosimetry review, either by post-operative CT images or 
on-table dynamic assessment, will ensure satisfactory coverage. The 
D90 refers to the minimum dose that 90% of the prostate receives; 
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Figure 11.4 Urinary symptoms following prostate brachytherapy implant: 
mean international prostate symptom scores. 


a D90 of more than 130Gy has been associated with improved 
outcomes. Data up to 12 years have shown biochemical control in 
the order of 90% of patients with low risk disease. A cohort study 
concerning men with T1 to T2 disease treated without hormones, 
compared radical prostatectomy (n = 746), EBRT to a median dose 
of 74 Gy (n = 340) and permanent prostate brachytherapy (n = 733) 
demonstrated similar seven-year freedom from biochemical recur- 
rence results of 74—79% (statistically insignificant differences). 


Patient assessment 

As with any treatment for prostate cancer, patient selection is 
important. NICE guidelines recommend prostate brachytherapy 
for low and intermediate risk localised disease. Higher risk patients 
may be treated with a combination of brachytherapy and EBRT: this 
allows maximum dose to the prostate as well as treatment doses to 
a margin (in case of extracapsular extension) while still protecting 
surrounding tissues. Transperineal sector prostate biopsies are par- 
ticularly useful for disease stratification when planning treatment 
options. Since the patient position is similar to that of the implant, 
the accessibility of the gland can be ascertained. The co-ordinates of 
higher grade or volume of disease can be recorded and these areas 
targeted with extra dose during the implant procedure. 

Urinary symptom score and uroflowmetry are important aspects 
of pre-brachytherapy assessment. High symptom scores and poor 
flow are predictors of urinary morbidity following the implant. 
Patients with equivocal flow rates ought to undergo further uro- 
dynamic evaluation. Men with low-risk and low-volume disease 
who would otherwise be suitable for active surveillance but who 
have bladder outflow obstruction secondary to prostatic disease 
may be managed by transurethral resection of the prostate followed 
by implant six months later. The surgery is best carried out by a 
urologist familiar with brachytherapy implants. 

In the past, large prostate sizes were considered a relative con- 
traindication to brachytherapy implant due to the increased urinary 
symptoms following the procedure and difficulties with access to 
the anterior part of the gland (Figure 11.4). Downsizing has been 
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Table 11.1 Comparison of radical treatments for localised prostate cancer. 
External beam Radical Brachytherapy 
radiotherapy prostatectomy 

Anaesthesia Nil Required Required 

Hospital stay Treatment visits 1-7 nights Day-case 

daily for 6 procedure 
weeks 

Catheterisation Uncommon 7-10 days 5% 1 week 1% 


require delayed 


surgery 
Urinary symptoms _ Irritative Incontinence, Irritative 
50% early 
5% long term 
Erectile Secondary to Common Uncommon. May 


occur several 
years later. 


dysfunction hormones 


Rectal symptoms 30% Rare rectal injury 5% 


Time to daily 6 weeks 4-8 weeks <1 week 


activities 


achieved with LHRH analogues prior to implant, but with associated 
morbidity. Inverse plan techniques overcome pubic arch interfer- 
ence, however, and providing there are no signs of bladder outflow 
obstruction, prostate glands larger than 50 cm? may be implanted 
with satisfactory dosimetric and urinary outcomes. 

Similarly, patients with prior bladder outflow surgery were previ- 
ously considered poor candidates for implant due to historical data 
reporting incontinence in these men and difficulties in achieving 
dose coverage. Modern techniques and equipment, however, allow 
more targeted placement of seeds so that a history of transurethral 
resection of the prostate need not be a contraindication, providing 
there is an adequate rim of prostate tissue to implant. 

More recently, the indications for brachytherapy have extended 
to its use as a salvage treatment for radiotherapy failure with 
promising results. As our understanding of radiation biology 
evolves and imaging and targeting of dose continue to improve, the 
indications for and results of this treatment will likely expand. At 
present, prostate brachytherapy offers a radical treatment option 
with relatively low morbidity and the convenience of a day-case 
procedure. Table 11.1 presents a comparison of radical treatments 
for localised prostate cancer. 


Further reading 
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Potters L, Klein EA, Kattan MW, Reddy CA, Ciezki JP, Reuther AM, Kupelian 
PA. Monotherapy for stage T1-T2 prostate cancer: Radical prostatectomy, 
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Oncol 2004;71(1):29-33. 
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Stock RG, Stone NN, Cesaretti JA, Rosenstein BS. Biologically effective dose 
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OVERVIEW 


e High intensity focused ultrasound (HIFU) is a relatively new 
treatment for prostate cancer that uses focused ultrasound 
waves to heat tissue and cause localised necrosis of tissue 


HIFU is currently used to treat the whole prostate in men with 
localised prostate cancer as an alternative to other therapies such 
as radiotherapy or other types of surgery (e.g. prostatectomy) 


e The two HIFU devices in clinical practice are the Ablatherm® 
(EDAP-TMS SA, Vaulx en Velin, France) and Sonablate 500® 
(Focus Surgery Inc, Indianapolis, IN) 


Cancer-free outcomes for primary whole gland treatment are 
approximately 90% from recent published data. Cancer 
outcomes and side effect profiles are poorer in salvage HIFU 
cases 


Treating only the areas of cancer in the prostate with focal HIFU 
may become an important new therapy that treats the cancer 
effectively but with fewer side effects. This is an area that is 
currently being explored within the clinical trial setting 


Introduction 


Management of prostate cancer has been evolving towards an era 
of minimal access in order to reduce the significant over-treatment 
burden of traditional radical therapies. Despite refinements in 
surgery (robot-assisted and laparoscopic prostatectomy) and radio- 
therapy (intensity modulation), the beneficial impact on functional 
outcomes has been less than certain. High intensity focused ultra- 
sound (HIFU), a minimally invasive therapy that can be delivered 
in an ambulatory care setting, is repeatable, and may have the 
potential to reduce the morbidity of therapy while maintaining 
acceptable cancer control. 


History of HIFU 


HIFU uses ultrasound waves that, when targeted to small areas, are 
capable of heating tissue to over 60°C, causing irreversible tissue 
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destruction. Its therapeutic application was first described in 1942 
by Lynn et al. when neurological changes were noted in cats and 
dogs in which brain tissue was treated. However, it was not until the 
1950s that its application was targeted on cancer tissue, with clinical 
evaluation on both benign and malignant prostate tissue starting to 
be of interest in the 1990s. Although HIFU has not been proven to be 
a successful alternative treatment of benign prostatic hyperplasia 
to TURP (transurethral resection of the prostate), it is its ability 
to ablate tumours with an acceptable side-effect profile that has 
resulted in its adoption as a form of cancer therapy worldwide. 

As well as within the prostate, HIFU therapy has been applied 
to a number of other fields, including liver, bladder, kidney and 
breast cancers, as well as brain tissue for patients with Parkinson’s 
disease, and in the uterus for ablation of fibroids. However, all of 
these treatments are at different stages of clinical development, with 
most undergoing evaluation of medium- to long-term outcomes 
within ongoing clinical trials. 


Physical principles of HIFU 


HIFU uses the mechanisms of thermal ablation and cavitation to 
cause irreversible cell damage. High frequency vibrations originat- 
ing from a transducer produce ultrasound waves. These are focused 
on a target area (approximately 10mm long and 2mm wide), 
depositing large amounts of energy, which is absorbed by the tissue 
and converted into heat. Temperatures up to 100°C can be reached 
for a period of a few seconds, causing necrosis and cell death within 
the target area without causing damage to the surrounding tissue. 

Cavitation can also occur as a result of interaction between the 
ultrasound and micro-bubbles within treated tissue. 


Platforms and procedure 


There are currently two HIFU devices available for the treatment of 
prostate cancer: the Ablatherm® (EDAP-TMS SA, Vaulx en Velin, 
France) and the Sonablate 500® (Focus Surgery Inc, Indianapolis, 
IN) (Figure 12.1). There are differences in technology and conduct 
between them. However, both involve the delivery of treatment via a 
trans-rectal probe containing the transducer. Treatment effects can 
be monitored via real-time ultrasound. In most cases, the patient 
receives a general anaesthetic. This allows for patient tolerance and 
restricts motion so that accurate targeting is possible. The rectum is 


Figure 12.1 The Sonablate® 500 HIFU device. 


cooled during treatment using continuous irrigation with degassed 
water in order to limit the potential adverse effects of heating, e.g. 
fistula formation. 

The Ablatherm® device consists of two ‘modules’: the treat- 
ment module on which the patient lies in a lateral position to 
receive treatment, and the control module where the surgeon plans 
treatment and controls the position of the probe delivering HIFU. 
Treatment plans are automated to a pre-set protocol depending 
on whether it is a primary treatment, re-treatment, or salvage 
procedure (cancer recurrence following a previous form of radical 
treatment). The Sonablate 500® equipment consists of a monitor- 
ing module together with the transrectal probe which is inserted 
with the patient supine and in the lithotomy position on a standard 
operating table. The Sonablate 500® is controlled manually by the 
surgeon and the power of HIFU pulses can be altered according to 
real-time visual feedback from the ultrasound images (Figure 12.2). 

Currently, ultrasound is the modality by which real-time feed- 
back of treatment effects is received. These can be seen as greyscale 
changes as the heating effect causes tissue damage. However, MRI is 
currently being evaluated for this purpose, both for prostate cancer 
and other forms of disease treated with HIFU. MRI-guided HIFU 
may provide a more precise localisation of the cancer for treatment 
planning, and provide information on tissue temperature changes 
to limit the risk of inadequate cancer control (under-heating) 
versus increased side effect risks from over-heating. The power 
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Figure 12.2 HIFU treatment planning: the surgeon places bars within a 
treatment zone, in the areas he wishes to treat. 


a) Uchida | changes 


b) Uchida Il changes 


c) Uchida Ill changes 


Figure 12.3 Uchida changes are represented as: (a) grade | — discrete rather 
than confluent grey-scale changes within the treatment zone; (b) grade 

Il — confluent change within the treatment zone; and (c) grade Ill — greyscale 
changes migrating outside the treatment zone; grade Ill represents 
‘over-treatment’. 


delivered can be altered immediately by the surgeon according to 
the real-time effects seen. At present, MR-guided HIFU is being 
evaluated as part of clinical trials. 

Thermal effects of treatment on ultrasound can be seen as 
grey-scale changes, so-called ‘Uchida changes’. These changes have 
been classified into grades of I, II and III depending on the extent 
of the greyscale changes within the targeted area (Figure 12.3). 
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Indications 


Although short- and medium-term data for oncological and func- 
tional outcomes are promising, longer-term outcomes of atleast 
10 years are currently not known. Patients should be made aware 
of this prior to committing to a management preference. 

HIFU is considered an alternative primary treatment option 
to other forms of radical therapy (e.g. radical prostatectomy, 
radiotherapy, brachytherapy) for men with low—intermediate risk 
localised prostate cancer (T1-T2cNOMO, PSA < 15, Gleason < 7). 
In some centres, patients with radiological T3a disease are also 
considered, but this option should be limited to practitioners with 
sufficient experience. 

Further prostate treatment is not precluded if cancer recurrence 
occurs. Patients can either undergo further HIFU or be consid- 
ered for brachytherapy, cryotherapy, radiotherapy or surgery. The 
majority of men choose to have redo HIFU so the numbers under- 
going other therapeutic modalities is low. Therefore, the toxicity 
profile of radical therapies after HIFU is poorly reported but would 
be expected to be higher than if these were applied to a naive 
gland. HIFU can also be offered as a salvage procedure when other 
forms of treatment, usually radiotherapy, have failed in men with 
non-metastatic recurrence. It may offer definitive cancer control or 
a delayed requirement for palliative hormone ablation therapy in 
this sub-group. 


Contra-indications 


Prostate-related contra-indications to HIFU treatment include a 
large prostate size, whereby the focal length for treatment would 
not reach the anterior part of the prostate. Some surgeons perform 
a TURP prior to HIFU to reduce the prostatic volume. Also, large 
calcium deposits within the prostate can prevent ultrasound wave 
propagation, causing under-treatment. Both of these factors can be 
assessed at a pre-operative trans-rectal ultrasound of the prostate. 
Non-prostatic reasons for HIFU exclusion include any anatomical 
or pathological abnormality limiting insertion of the rectal probe, 
e.g. tight anal stenosis, previous ano-rectal surgery. 


Summary of published results 


Primary HIFU 

The first report of prostate cancer HIFU in humans was published 
in 1995 by Madersbacher et al. Local cancer control was poor in 
the early stages (approximately 50% of patients) but is continuing 
to improve as the technology is better understood and clinical 
experience is advancing. 

PSA surveillance for monitoring disease recurrence is the norm 
following radical radiotherapy or prostatectomy. However, the abil- 
ity of serial PSA results to detect recurrence following HIFU is less 
clear. Criteria that have been used to determine cancer-free status 
following HIFU include the ASTRO criteria, i.e. three consecutive 
rises in PSA following a PSA nadir, or the ASTRO-Phoenix criteria 
(nadir plus 2 ng/ml). Biochemical-free survival using these ASTRO 
criteria was reported as 75% by a group in Japan (Uchida et al. 
2006) in 2006. More recently, rates of 85-92% are being achieved, 


Table 12.1 Typical side effect profiles for primary whole prostate HIFU. 


Rate (%) 
Symptomatic urinary tract infection 5 
Urethral stricture 10-40 
Retrograde ejaculation 3 
Epididymitis 3 
Urinary retention requiring surgery 2 
Impotence 25-30 
Incontinence (transient) 0-2 
Recto-urethral fistula <0.5 


including within the first published primary whole gland HIFU 
trial in the UK in 2009 (Ahmed et al. 2009), although follow-up 
is short. 

The main side effects and their published rates are detailed in 
Table 12.1. 


Salvage HIFU 

Patients undergoing any form of salvage therapy have a higher 
risk of side effects and diminished functional outcomes, and are 
therefore a difficult group of patients to treat. Recurrence rates 
following radiotherapy are approximately 30%. The side effects 
reported in a UK series of men undergoing whole gland HIFU for 
locally recurrent disease following radiotherapy (Zacharakis et al.) 
included stricture or intervention to remove necrotic tissue (36%), 
urinary tract infection or dysuria (26%), urinary incontinence 
(7%) and recto-urethral fistula (3%). Cancer control was achieved 
in 71% but median follow-up was limited to less than a year. These 
results are consistent with other published data. Murat et al. (2009) 
showed a local cancer control of 73% following salvage HIFU in 167 
patients. However, those men with worsening cancer stage prior to 
EBRT, an increase in PSA prior to HIFU, or the use of hormone 
ablation therapy at any stage of their prostate cancer treatment had 
poorer disease-free outcomes. Careful patient selection is critically 
important to ensure that the risks of the treatment do not potentially 
outweigh the benefits of cancer control. The key issue is that up to 
50% of men who have failed radiotherapy have micro-metastatic 
disease that is not detectable on current imaging modalities (MRI, 
bone scan, or PET). 


Future applications 


The ability of HIFU to ablate small discrete areas of tissue within 
millimetres of precision has led to an interest in its clinical applica- 
tion as a focal therapy. If cancerous tissue can be successfully and 
definitively ablated while preserving normal tissue, this potentially 
offers men a cancer treatment that minimises the functional impact 
as adjacent structures such as neurovascular bundles, external uri- 
nary sphincter, bladder neck and rectum, are avoided. Accurate 
localisation of cancer is required to ensure careful and appro- 
priate patient selection, and this may be best performed with 
trans-perineal template prostate biopsies, where biopsies taken at 
5mm intervals, using a grid, provide an accurate ‘mapping’ of 
the prostate. Imaging is likely to have an important role with 
multi-parametric MRI, which uses several types of MRI, including 


Figure 12.4 Focal HIFU for localised prostate cancer. The cancer is shown 
in the right posterior peripheral zone on the individual sequences of the 
multi-parametric MRI. (a) T2-weighted MRI; (b) diffusion-weighted MRI; 
(c) dynamic contrast enhanced MRI. The cavity created by HIFU is shown 
in the two-week post-treatment MRI (d). 


contrast, showing encouraging accuracy in single centre studies 
(Figure 12.4). 

Focal HIFU is currently being evaluated within phase II clinical 
studies with promising early results that demonstrate potency 
and continence rates of approximately 90-95% with 90% early 
cancer control. A larger prospective trial is necessary to assess the 
reproducibility and longer-term outcomes. 
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OVERVIEW 


Prostate cryotherapy may be used to treat primary organ 
confined or locally advanced prostate cancer and for salvage 
after failed radiotherapy 

The most established of the three roles is currently in radiation 
salvage treatment where cryotherapy is a leading minimally 
invasive treatment option 


The relative merits of primary treatment with cryotherapy for 
localised and locally advanced disease compared with other 
existing modalities has yet to be fully explored with comparative 
studies 


Contemporary randomised trials would be useful in each of the 
disease subgroups 


Focal cryotherapy is being explored as one of the ‘male 
lumpectomy’ options for controlling prostate cancer 


Introduction 


No single technology has become the definitive treatment for the 
most common of male malignancies. All of the current ablative 
technologies have advantages and problems. The terms cryosurgery 
and cryotherapy are used interchangeably in the literature and 
treatments may be described as whole gland or focal, depending 
on whether they aim to freeze the whole prostate or merely a 
section where foci of cancer have been detected. Primary treatment 
describes cryotherapy as a sole treatment whereas salvage treat- 
ments are usually applied where radiotherapy has already failed to 
control cancer. 


The development of cryosurgery 
for prostate cancer 


An awareness of the evolution of cryosurgical technology is critical 
when assessing the published literature as many historical treat- 
ment series used technology which generated much less controlled 
freezing with worse oncological and functional outcomes. 
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Figure 13.1 Iceball generated during cryoprobes testing prior to procedure. 


Current multi-probe argon-helium systems have evolved nee- 
dles of increasingly small diameter (17-gauge). They utilise the 
Joule-Thompson effect which is a change in temperature, produced 
at the probe tip when high pressure gas is released to a lower pres- 
sure. The temperature at the probe tip may be reduced or increased 
depending on the physical properties of the gas chosen. Rapid 
cooling to temperatures as low as —186°C may be achieved using 
Argon; Helium produces warming to temperatures of up to 40°C. 
Figure 13.1 illustrates the iceball generated during probe testing 
on a modern device. 

The availability of accurate thermocouples for continuous tem- 
perature monitoring of critical structures and the urethral warming 
catheter led to reductions in the significant complications of rectal 
fistulae and urethral sloughing which had been encountered in early 
cryotherapy. Constant improvement in the quality of trans-rectal 
ultrasound images due to the evolution of high definition multi- 
planar ultrasound arrays over the past 20 years has led to an ability 
to more accurately monitor the iceball and place the probes. 


Mechanism of tissue injury in prostate 
cryotherapy 


The aim of prostate cryotherapy is to destroy cancer and preserve 
vital structures around the prostate, including the bladder, rectum 


and ideally the neurovascular bundles. This requires precise freez- 
ing. Two mechanisms are responsible for cell death: direct injury 
caused by ice formation and indirect ischemic effect caused by 
microvascular changes. 

Physical measures of cold exposure have all been shown to 
affect cell viability post cryotherapy. These include rapidity of 
freezing, nadir temperatures of —40°C in the double freeze cycle 
or —61.7°C in the single freeze cycle, slow thawing rates, and 
increased length of exposure to freezing temperatures. A double 
freeze-thaw cycle achieving measured temperatures of —40°C 
produces reliable cell kill which is not affected by tumour grade 
although higher grade tumours are more likely to be associated 
with occult micro-metastasis at presentation. 


Patient groups amenable to total 
cryosurgical ablation of the prostate 
primary therapy - organ-confined disease 


Organ-confined prostate cancer remains amenable to cryother- 
apy today although increasing competition from other treatment 
options means that this treatment is less frequently used for primary 
treatment compared with radiotherapy, brachytherapy and radical 
prostatectomy (see Chapters 10 and 11). Guidance was issued from 
the UK National Institute of Clinical Excellence (NICE 2005), based 
on their literature review which was prepared in 2004. This stated 
that in view of the current scarcity of evidence on the efficacy and 
safety of primary cryotherapy, it was not recommended for men 
with localised prostate cancer other than in the context of con- 
trolled clinical trials comparing their outcomes with those of more 
established interventions. The Cochrane Review Group (Shelley 
et al. 2007) considered cryotherapy for localised prostate cancer in 
2007 and their findings supported these conclusions though further 
long-term case series have been published. 


Primary therapy - locally 
advanced disease 


Cryotherapy has been used to treat locally advanced prostate can- 
cer where capsular penetration has occurred. A recent randomised 
controlled trial in T2c-T3b (bilateral organ confined, capsular pen- 
etration or seminal vesical invasion) by Chin et al. has suggested that 
biochemical disease-free survival was poorer in men who under- 
went cryotherapy as their primary treatment modality than in those 
who underwent primary External Beam Radiotherapy (EBRT). 
Clearly the subgroup of patients with capsular penetration and a 
contra-indication to EBRT may still wish to consider cryotherapy 
as primary therapy. 


Salvage therapy after external beam 
radiotherapy or brachytherapy 


The failure rates for contemporary EBRT in biochemical control of 
organ-confined prostate cancer range from 24-85% depending on 
the risk profile of the assessed group, the planning and delivery of 
radiotherapy and the length of follow-up. Due to the widespread 
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use of EBRT often at lower radiation doses than are used currently, 
this group of patients is potentially the largest group of patients who 
are suitable for prostate cryotherapy. The workload of such patients 
who may require cryotherapy is also higher, in part due to the 
relative lack of other established modalities which are recognised 
as effective in the treatment of locally recurrent disease after 
radiotherapy. The other commonly used modality in this group in 
Europe is high intensity focused ultrasound (HIFU) (see Chapter 
12) though no comparative randomised trials have been performed. 


Patient selection for primary cryotherapy 


As in patients undergoing primary treatment, a prostate volume 
of more than 40 cc? requires cytoreductive androgen deprivation 
in order to facilitate the procedure and reduce the risk to the 
surrounding structures. Use of established staging nomograms 
(as described by Roach or Partin) should be considered and the 
possibility of lymph node sampling considered if the chance of LN 
involvement is > 15%. 


Patient selection for salvage cryotherapy 
after EBRT or brachytherapy 


If there is a persistent rise in PSA after radiotherapy which ful- 
fils the Phoenix definition of biochemical failure (nadir PSA+ 
2.0 mmol/dl), then staging investigations for salvage therapy may 
be instigated. 

Urinary tract infection should be excluded. Restaging pelvic MRI 
scan and bone scan is necessary to exclude patients with metastatic 
disease prior to prostrate biopsy. Prostate biopsy is mandatory to 
confirm local recurrence. Saturation prostate biopsy often using 
a brachytherapy template (20—40 cores) is more sensitive than 
trans-rectal biopsy (10 cores) in detection of recurrent cancer in 
irradiated patients. Cytoreductive androgen deprivation should be 
employed when prostate volume is >40cc and pelvic lymph node 
dissection is considered as in primary treatment. 


Technique of cryosurgical ablation 
of the prostate 


Figure 13.2 is a schematic of the modern cryotherapy technique. 
It illustrates the anaesthetised patient in the lithotomy position. 
The cryoprobes are placed via a perineal template. Temperature 
monitoring thermocouples are placed anterior to the rectum, in the 
anterior prostate, at the prostatic apex and in the urethral sphinc- 
ter, all under ultrasound control. A urethral warmer is placed in a 
similar way to a catheter. Figure 13.3 shows an intraoperative pho- 
tograph depicting the use of the template to secure the cryotherapy 
needles in place and a stepping unit to secure and manipulate the 
ultrasound probe. 


Primary cryotherapy of the prostate 


Biochemical recurrence-free survival (BRFS) rates of patients with- 
out a rising PSA after primary cryotherapy are variable, ranging 
from 60-90% at the last follow-up. Results depend on the era 
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Figure 13.2 Schematic of prostate cryotherapy illustrates position of 
ultrasound probe in rectum to produce imaging guidance, cryoprobe and 
thermocouples held in situ by template with iceball covering prostate. 


of the technology used, the severity of the cancer, the length of 
the follow-up and the criteria used in defining the cut-off for 
PSA recurrence. D’Amico risk groups stratify for disease severity; 
low-risk patients have no risk factors (from a PSA level <10 ng/ml, 


Figure 13.3 Set-up for prostate cryotherapy with urethral warmer in situ, 
black cryoprobes, and white thermocouples inserted via a perineal 
template. 


a Gleason score <6 and a clinical stage <T2b) compared to inter- 
mediate with one risk factor and the high-risk patients with two 
or more unfavourable risk factors. In fact, 10-year actuarial BRFS 
rates of 81%, 74%, and 46% have been reported for the low-risk, 
intermediated-risk and high-risk groups respectively. 


Complications of primary cryotherapy 
of the prostate 


Complication rates are relatively low following primary prostate 
cryotherapy apart from erectile dysfunction which remains a com- 
mon problem affecting 53-96% of men. Urinary incontinence rates 
varied considerably but were <10% in most series. Recto-urethral 
fistulae are an increasingly rare (<0.5% in reports from the last 
decade) though still potentially a very serious complication which 
may require diversion of urine or faeces using a stoma. 


Oncological results of salvage 
cryotherapy series 


Bahn et al. (2003) published a seven-year follow-up after salvage 
cryotherapy from 72 men with BRFS of 59-69%. Ten-year data 
published in 2010 on a mixed population of primary and sal- 
vage patients are available which showed a cancer-specific survival 
of 87%. 


Complications of salvage 
cryotherapy series 


Almost all patients following salvage cryotherapy will have some 
degree of lower urinary tract symptoms (LUTS) secondary to ure- 
thral slough, most of which will resolve in the first six months. 
In contemporary salvage cryotherapy series, the urinary inconti- 
nence rate has dropped dramatically with recent studies reporting 
incontinence rates of 3-6%. 

The impotence rate in salvage cases ranges from 56—100%. 
In salvage cryotherapy, most patients suffer from a degree of 
pre-operative erectile dysfunction owing to previous hormone 
therapy and pelvic irradiation. Better controlled cryotherapy has 
significantly reduced recto-urethral fistula to <4% in salvage cases. 


Focal nerve-sparing primary cryotherapy 


In prostate cryotherapy, the whole prostate gland is frozen, includ- 
ing the peri-prostatic tissue with neurovascular bundles to eradicate 
all tumour cells. As a result, the incidence of erectile dysfunction is 
high. In an attempt to preserve potency, investigators have described 
focal nerve-sparing prostate cryotherapy where they treated part of 
the prostate which contains the tumour. Some 95% of the treated 
patients had stable PSA and 80% maintained their potency. In 
another series, 84% of patients had not experienced biochemi- 
cal failure and only 14% showed positive biopsy on the treated 
site. Potency was maintained in 71% and no patient reported 
any worsening lower urinary tract symptoms or incontinence. 
Focal nerve-sparing cryotherapy has not been applied in salvage 
treatment. 
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Advances in External Beam Radiotherapy 
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Guy’s and St Thomas’ NHS Foundation Trust, London, UK 


OVERVIEW 


e The position of the prostate within the pelvis makes it 
susceptible to a range of movement over time with respect to 
surrounding fixed bony anatomy 

e Image guidance systems are used to enable visualisation of the 

reatment target within the body and provide the information to 

accurately align the patient to the correct position prior to 
reatment delivery 


ntensity modulated radiotherapy is an advanced treatment 
delivery technique designed to sculpt the radiation dose closely 
o the shape of the treatment target while sparing surrounding 
normal tissues, thereby minimising treatment related side-effects 
e Image-guided techniques combined with intensity modulated RT 
facilitate safe escalation of the prescribed radiation dose to the 
arget with minimal impact on toxicity, improving clinical 
outcomes 


Introduction 


The past decade has seen major advances in radiotherapy tech- 
nology. Since higher-dose radiotherapy has been demonstrated to 
be of clinical benefit, prostate cancer is often the testing ground 
for new techniques. What defines a step forward in radiotherapy 
is an increased ability to avoid normal structures while still treat- 
ing the whole of the target. The two methods for achieving this 
are improved localisation of the target and improved ability to 
shape the high radiation dose region more precisely to the shape 
of the target. 


Advances in target localisation: 
image-guided radiotherapy (IGRT) 


Cone beam CT (CBCT) 

Having outlined the target (prostate +/- seminal vesicles and pelvic 
nodes) on CT images, the next step is to consider how to accurately 
locate the target daily. Prostate position varies in relation to the 
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pelvic bony structures mainly as a result of variable rectal and 
bladder filling. The ability to perform a CT scan daily, immediately 
prior to treatment, allows the centre of the radiation beams (the 
isocentre) to be set to the correct position within the prostate each 
treatment. 

Cone beam CT (CBCT) is a system that utilises diagnostic level 
2D images via a kilovoltage X-ray source and image flat-panel 
mounted on the linear accelerator. This system rotates 360° around 
the patient, taking 500 to 600 images which are processed to produce 
a 3D image. This in turn is registered with the original planning 
CT in order to inform the radiographers how to shift the linear 
accelerator couch (and so the patient) to ensure that the isocentre 
is at the correct point in the target. 

Studies using CBCT to assess prostate position prior to treatment 
have shown that a significant number of patients require a shift to 
improve accuracy of treatment (Wong et al. 2005). Using CBCT 
for online correction allows the margins used to account for organ 
motion to be reduced. Some studies have suggested it can be 
reduced from 10mm to as little as 3mm, which can lead to a 
reduced radiation dose to the rectum and reduced toxicity (Sandler 
et al. 2010). 

As with all forms of IGRT discussed here, the impact on clinical 
outcome has not yet been finally determined, but the smaller treated 
volumes clearly result in less toxicity and allow for dose escalation 
and improved local control. 


Fiducial markers 
Another form of IGRT is the use of radio-opaque markers (often 
gold). At least three markers are placed in the prostate prior to the 
planning CT, usually a week earlier to allow the markers to settle in 
with no further subtle changes in position. The markers are imaged 
daily by either orthogonal megavoltage or kilovoltage beams. The 
combined images are processed and compared with the planning 
CT configuration to accurately reposition the treatment couch. 
The process of marker insertion has been shown to be well 
tolerated with minimal complications. The most commonly seen 
side-effects are haematuria (0-15%), rectal bleeding (4—6.4%) 
and infection (3.2%) (Escudero et al. 2010). Using this system, 
systematic errors are reduced, allowing margins to be reduced by 
up to 4mm. Studies comparing CBCT with implanted fiducial 
markers have shown equivalent set-up accuracy. 


Radio-fiducials 

Alternative systems are either available (e.g. Calypso) or in devel- 
opment that send real-time spatial information regarding prostate 
position using radiofrequency signals. As these are fiducial-based, 
they are very similar to those described above but differ in that no 
X-rays are required for positional information. 

One immediate advantage of these systems over CBCT or 
radio-opaque fiducials is that they do not require repetitive CT 
imaging and hence save time and extra radiation dose to the 
patient. In addition, they can alert the radiographers to significant 
changes in position during treatment that might require the 
treatment to be stopped mid-fraction. A study of 20 patients 
showed that two patients had organ motion of >10mm which 
could have led to geographic miss of the target. Comparison 
of radiofrequency tracking of implanted transponders with 
radiographic tracking shows minimal differences. 


Advances in radiotherapy delivery 


Intensity modulated radiotherapy (IMRT) 

Conformal radiotherapy refers to the delivery of a number of 
radiation beams directed at the treatment target which are precisely 
shaped to the size and contour of the target volume in 3D. Beam 
shaping devices situated in the head of the linear accelerator, 
called multi-leaf collimators (MLC), are moved into the path 
of the beam to shield surrounding tissues (Figure 14.1a). IMRT 
is an advanced conformal radiotherapy technique which allows 
highly sculptured dose distributions around the target with rapid 
dose fall-off. The improved precision of IMRT treatment demands 
accuracy in target positioning as is now available with the IGRT 
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techniques described above. The clinician defines dose coverage 
parameters for the target and safe levels of irradiation to normal 
tissues. Using sophisticated software, these parameters are used to 
achieve an acceptable radiation dose distribution. In IMRT, the 
strength within each small area of the beam can change, as the 
MLCs move independently across the treatment beam to vary or 
‘modulate’ the intensity. A fluence map (Figure 14.1b) describes 
the variation in intensity across the beam. This, usually together 
with an increase in the number and direction of radiation beams, 
allows much more control of the shape of the dose delivered. More 
specifically, concave-shaped dose distributions can be created to 
spare intimately associated critical structures, such as the rectum in 
relation to the prostate or the bladder and small bowel in relation 
to the pelvic nodes. 

The clinical benefit of this technique is the potential to escalate the 
dose delivered and thereby improve local tumour control without 
impacting on late radiation toxicity. The UK MRC RT-01 trial 
randomly assigned men with localised prostate cancer to either 
64Gy in 32 fractions or 74Gy in 37 fractions with conformal 
radiotherapy. The higher dose arm was associated with improved 
biochemical control and progression-free survival, however, it also 
showed an increase in rectal and bladder toxicity (Dearnaly et al. 
2007). A US study delivered doses up to 81Gy with IMRT and IGRT 
while incidence of Grade 2 rectal toxicity remained low at 1.6% at 
eight years post treatment (Zelefsky et al. 2006). 

There are two major disadvantages of IMRT technology. The 
first is the introduction of the ‘low-dose bath’ effect, whereby a 
low radiation dose is delivered to a larger cross-section of tissue, 
compared with standard conformal techniques. This may increase 
the likelihood of secondary cancers developing within the pelvis. 


(b) 


(d) 


Figure 14.1 An anterior beam’s eye-view of a prostate + seminal vesicles target volume with MLCs conforming to the shape (a), as used for conformal 
radiotherapy; (b) an IMRT fluence map showing varying intensities across the treatment beam; (c) 3D conformal dose distribution using a 3-field arrangement 
(d) IMRT dose distribution using a 7 beam arrangement which shows the red high-dose region to be better confined to the target area including a significantly 


reduced rectal dose. 
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The second is that due to the complex nature of IMRT, treatment 
delivery times are substantially increased, prolonging the time the 
patient spends on the treatment couch for each daily fraction. This 
impacts on the overall clinical capacity of radiotherapy departments. 


Rotational IMRT 

Rotational IMRT techniques improve the efficiency of treatment 
delivery. IMRT is delivered while the linear accelerator rotates 
around the patient, in one or more 360° arcs. The shape of the beam 
is continuously altered throughout the treatment to be optimal for 
each angle. Likewise the strength of the beam varies throughout the 
treatment. The result is a highly conformal distribution of radiation 
dose, at least equal to that achieved with fixed field IMRT. Arc 
therapy can currently be delivered in one of two ways: tomotherapy 
and volumetric arc therapy (VMAT). 

Tomotherapy (literally ‘slice therapy’) uses a thin fan beam 
of radiation emitted from a source rotating 360° around the 
patient as they move through the machine and is best described 
as the combination of a linear accelerator and CT scanner. Heli- 
cal tomotherapy (TomoTherapy® Inc., Madison, WI, USA) is a 
treatment system which combines IGRT and IMRT. CT detectors 
are mounted at 180° to the source, allowing the generation of CT 
images for IGRT. During treatment, detectors capture exit radia- 
tion to provide information about the dose actually delivered to the 
patient. 

VMAT IMRT is delivered using a standard linear accelerator 
as it rotates around the patient. The entire treatment is generally 
delivered during one full gantry rotation, although in some more 
complex cases two arcs may be used to improve the dose distribu- 
tion. The major advantage of VMAT is the increased efficiency of 
treatment delivery, compared with other forms of IMRT mentioned 
above. The ‘low-dose bath’ of radiation delivered to normal tissues 
is also reduced in comparison to fixed field IMRT. 


CyberKnife® 

CyberKnife® (Accuray, Sunnyvale, CA, USA) is an image-guided 
robotic stereotactic delivery system. A linear accelerator source 
is mounted onto a robotic arm, providing increased degrees of 
freedom for treatment delivery, further improving radiation dose 
conformity to the target. Stereotactic radiotherapy refers to the 
precise irradiation of a target using a small number of treatments 
with a large dose per fraction. Prostate cancers are thought to 


have a greater sensitivity to radiation at higher doses per fraction 
(known as the a/ß ratio) (Brenner et al. 2002). Stereotactic delivery 
allows large fraction sizes to be delivered with minimal toxicity to 
the rectum and bladder, which may lead to improvement in local 
control rates and overall survival compared with conventional dose 
fractionation regimens. 


Particle therapy 

Charged particles such as protons can be used in radiotherapy 
to provide an extremely focused radiation beam which deposits 
its energy at a predicted depth. Particles of a given energy have a 
certain range which results in no exit dose beyond the target. Due to 
their relatively large mass, protons also have little lateral scatter in 
tissue. Reduction of dose to normal tissues surrounding the target 
has the benefit of significantly minimising side-effects and reducing 
incidence of secondary cancers. The availability of particle therapy 
is extremely limited within the UK, and eligible patients must travel 
abroad to access treatment facilities. 


References 


Brenner DJ, Martinez AA, Edmundson GK, Mitchell C, Thames HD, Armour 
EP. Direct evidence that prostate tumors show high sensitivity to fraction- 
ation (low alpha/beta ratio), similar to late-responding normal tissue. Int J 
Radiat Oncol Biol Phys. 2002 Jan 1;52(1):6-13. 

Dearnaly DP, Sydes MR, Graham JD, Aird EG, Bottomley D, Cowan RA et al. 
Escalated-dose versus standard-dose conformal radiotherapy in prostate 
cancer: first results from the MRC RTO1 randomised controlled trial. 
Lancet Oncology 2007;8:475—87. 

Escudero JU, Peidro JP, Campos MR, Torrecilla JL, Alcina EL, Verdejo 
PN et al. Insertion of intraprostatic gold fiducial markers in prostate 
cancer treatment. International Journal of Nephrology and Urology 2010;2: 
265-72. 

Sandler HM, Liu PY, Dunn RL, Khan DC, Tropper SE, Sanda MG et al. 
Reduction in patient-reported acute morbidity in prostate cancer patients 
treated with 81-Gy intensity-modulated radiotherapy using reduced plan- 
ning target volume margins and electromagnetic tracking: Assessing the 
impact of margin reduction study. J Urol 2010;75:1004-8. 

Wong J, Grimm L, Uematsu M, Oren R, Cheng CW, Merrick S et al. 
Image-guided radiotherapy for prostate cancer by CT-linear accelerator 
combination: prostate movements and dosimetric considerations. IJROBP 
2005;61:561-9. 

Zelefsky MJ, Chan H, Hunt M, Yamada Y, Shippy AM, Amols H. Long term 
outcome of high dose intensity modulated radiation therapy for patients 
with clinically localised prostate cancer. J Urol 2006;176:1415-19. 


CHAPTER 15 


Recent Advances in Hormonal Therapy 
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OVERVIEW 


Hormonal therapy plays a key role in the treatment of prostate 
cancer 


Castration can be achieved with surgical orchidectomy or 
medical therapy with LHRHagonists or GnRH antagonists 


Castration-based therapy remains first line and mainstay 
treatment for men with advanced disease. It relieves symptoms 
and delays progression 


After a variable period of time, tumour growth can become 
resistant to testosterone depletion and other hormone 
manipulations can be added sequentially. These currently 
include anti-androgens, oestrogens and steroids 


New hormone therapies are under investigation and are 
showing great promise for castration-resistant prostate cancer. 
These include abiraterone acetate and MDV3100 


Introduction 


Hormonal therapy plays a key role in the treatment of prostate can- 
cer. Huggins and Hodges first recognised the role of testosterone 
in stimulating prostate cancer cells in the early 1940s. Treatments 
aimed at lowering the serum testosterone then rapidly became estab- 
lished as effective management of advanced (metastatic) prostate 
cancer by reducing symptoms and slowing disease progression. 
Since these early beginnings, there have been many advances 
in the hormone treatment of prostate cancer. Hormonal therapy 
now has an important role in the management of earlier stages of 
the disease, including its neoadjuvant and adjuvant combination 
with radical radiotherapy. New pharmacological approaches for 
targeting endocrine signalling pathways are in development. 


Mode of action 


In the early days, endocrine treatment of prostate cancer required 
the surgical removal of the testes, bilateral orchidectomy, thereby 
depleting circulating testosterone. Some 95% of serum testosterone 
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is produced by the testes, without which low levels of androgens 
are maintained by the adrenal glands. 

The first bilateral orchidectomy was performed in 1941 and 
still remains the gold standard against which all other hor- 
monal therapies are judged. This surgical operation produces a 
rapid and sustained reduction in circulating testosterone within 
12 hours. Although a very effective therapy, bilateral orchidectomy 
is non-reversible and can have an adverse psychological impact on 
many men. 

The development of ‘medical castration’ using luteinising 
hormone-releasing hormone agonists (LHRHagonists) was a major 
breakthrough in the management of prostate cancer, introduced 
into clinical practice in the 1980s. Endogenous LHRH is produced 
by the neuroendocrine cells of the hypothalamus and causes the 
anterior pituitary to release luteinising hormone (LH) which in 
turn acts upon the Leydig cells of the testes, stimulating testosterone 
synthesis (Figure 15.1). Randomised studies have established that 
LHRHagonists are as effective as surgical castration, giving patients 
an important choice in the modality of their treatment. 

The initial effect of treatment with LHRHagonist is a rise in 
serum testosterone. With ongoing or continuous treatment, the 
pituitary becomes depleted of LH and consequently testosterone 
falls to castrate levels by two weeks. This initial testosterone surge 
may theoretically result in a tumour flare. Until castrate levels are 
reached, the effect of testosterone can be dampened by preloading an 
anti-androgen (i.e. an androgen receptor blocker) prior to the first 
LHRH a injection, and continued for one to two weeks afterwards. 
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Figure 15.1 The hypothalamic-pituitary-gonadal axis. 
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A recent development in castration-based therapy has been 
the introduction of the gonadotrophin releasing hormone (GnRH) 
antagonists. These drugs bind competitively to GnRH receptors and 
produce a direct and rapid decline of LH, FSH and testosterone. 
When initiating treatment, there is no stimulation of GnRH, and 
therefore no testosterone surge and no clinical flare, so concurrent 
anti-androgen treatment is not required. 

Anti-androgens such as bicalutamide and flutamide block the 
androgen receptor but not the production of testosterone. They 
have been shown to be equally effective as LHRHagonists injections 
for the treatment of locally advanced disease and have a different 
side effect profile. 


Advanced prostate cancer 


Hormonal manipulation with castration-based therapy remains 
first line and mainstay treatment for men with advanced 
(metastatic) disease. It relieves symptoms and delays progression. 
Response rates of over 85% can be expected for up to three years. The 
Medical Research Council (1997) study ofimmediate versus delayed 
hormonal therapy for metastatic prostate cancer (Figure 15.2) 
showed advantages for early treatment. Men treated with delayed 
hormones had significantly higher rates of spinal cord compression 
(Figure 15.3), pathological fracture, ureteric obstruction and 
extra-skeletal metastases. These findings support the introduction 
of early hormonal therapy prior to symptomatic progression. 

After a variable period of time, tumour growth can become 
resistant to testosterone depletion. The addition ofan anti-androgen 
to achieve combined androgen blockade (CAB) blocks the effect of 
residual testosterone on the androgen receptor with response rates 
of up to 30-50% for an average duration of six months. Subsequent 
withdrawal of the anti-androgen after relapse on CAB can result in 
further responses of 20-30%, with an overall duration of four to 
five months. 

Other hormonal manipulations may be administered as sequen- 
tial third and fourth line therapies. Diethylstilboestrol and or 
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Figure 15.2 Bone scan showing bone metastases from prostate cancer. 
Source: Courtesy of Mr. John Anderson, Consultant Urologist, Royal 
Hallamshire Hospital, Sheffield. 


Figure 15.3 MRI scan showing spinal cord compression. 


glucocorticoids can sometimes achieve further remission for up to 
six months or longer. Oestrogen therapy is associated with gynae- 
comastia, fluid retention and thrombo-embolism. Cardiovascular 
events can be prevented with aspirin or anticoagulants. By these 
means, various endocrine signalling pathways can be targeted to 
delay progression of advanced prostate cancer, indicating hormone- 
dependent activity in spite of low levels of circulating androgen. 

There are many new hormone compounds under investigation 
which are showing great promise for the future. Tumour resistance 
to testosterone depletion develops in the course of malignant pro- 
gression through phenotypic selection of the most aggressive cells. 
In spite of their so-called hormone resistance to androgen depriva- 
tion therapy, prostate cancer often continues to be androgen-driven. 
High concentration of androgens can be demonstrated in tumour 
tissue in spite of castrate levels of serum testosterone, indicating 
androgen synthesis within the tumour. 

Abiraterone acetate is a potent, selective inhibitor of CYP17, 
key enzymes in androgen synthesis, and completely blocks the 
production of testosterone. Clinical trials have shown encouraging 
results in men with castrate-resistant prostate cancer (CRPC), with 
up to 67% demonstrating a PSA response. 

It is also known that the androgen receptor may be acti- 
vated despite very low levels of testosterone. Prostate cancer 
progression is associated with androgen receptor amplification or 
over-expression, and mutation; either or both of these mechanisms 
may increase tumour sensitivity to androgens and anti-androgens. 
The functional activity of the testosterone-bound androgen recep- 
tor is also regulated by binding of co-activators and co-pressors. In 
advanced malignancy, androgen receptor activity may be enhanced 
through altered availability of these co-factors and abnormal intra- 
cellular signalling. Mechanisms also exist for androgen independent 
androgen receptor activation. 

MDV3100 is a new oral androgen receptor antagonist that 
inhibits its nuclear translocation and blocks its binding with DNA. 


This drug has shown great promise in trials of men with CRPC, 
and PSA responses of 55% have been seen in chemotherapy naive 
patients and 36% in those previously treated with docetaxel. These 
two new compounds, Abiraterone and MDV3100, are currently 
being investigated in large randomised Phase III studies and the 
results of these trials are awaited with great interest. 


Neoadjuvant and adjuvant 
hormonal therapy 


Hormonal therapy has evolved to play a critical role in the man- 
agement of prostate cancer that is locally advanced or clinically 
localised but so-called ‘high risk’ (Gleason Grade >8, PSA >20), as 
combination treatment with radical radiotherapy. In these patients 
the therapeutic challenges reflect the need to control local disease 
as well as subclinical microscopic distant metastases. Traditional 
treatment with external beam radiotherapy alone frequently fails to 
prevent distant progression, despite improvements in radiotherapy 
dose and delivery, owing to undetectable micro-metastatic disease 
at diagnosis. There is a wealth of data to support the addition of 
systemic hormonal therapy which is now considered standard of 
care for men with high risk prostate cancer. 

Neoadjuvant hormonal therapy, (with a LHRHagonist) is com- 
monly used for two to three months prior to definitive radiotherapy 
This reduces the size of the prostate by an average of 25-30% which 
potentially allows smaller fields of radiotherapy to be used with 
some sparing of the rectum and bladder volumes and potentially 
reduced toxicity. There are reports that there may also be a sen- 
sitising effect between hormonal therapy and radiation treatment. 
This combination has been shown to demonstrate a significant 
improvement in disease-free survival in clinical studies. 

There is strong supporting evidence for continued adjuvant hor- 
mone treatment after radical radiotherapy. A study by Bolla et al. 
(2008) reported that, in patients with locally advanced prostate can- 
cer, LHRHagonist (goserelin) therapy initiated with radiotherapy 
and continued for three years improved overall survival compared 
with hormonal therapy deferred until disease progression. A recent 
update of this trial reported an 18.3% improvement in 10-year 
overall survival (58.1% vs 39.8% respectively). There were similar 
significant improvements for progression free survival and clinical 
or PSA relapse. Other randomised Phase III studies of adjuvant 
LHRHagonists have demonstrated similar benefit, and adjuvant 
antiandrogen therapy with bicalutamide 150mg has also been 
shown to improve survival. It is now standard practice for hormone 
treatment to be continued for two to three years after radiotherapy. 


Side-effects of hormonal therapy 


The main toxicities of hormone treatment with LHRHagonists 
are shown in Table 15.1. These side-effects need to be balanced 
with the benefits of therapy as described above. The potential 
risks of treatment should be discussed with all men embarking on 
hormonal therapy for early detection of toxicities and interven- 
tion. The anti-androgens (e.g. bicalutamide 150mg) have some 
advantages over castration-based therapy in that they can maintain 
physical capacity and bone mineral density (through aromatisation 
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Table 15.1 Side-effects of hormonal therapy. 


Erectile dysfunction 

Reduced libido 
Osteopaenia/osteoporosis 
Reduced muscle mass 

Breast swelling and mastalgia 
Weight gain 

Hot flushes 

Lethargy 

Anaemia 

ood swings and depression 
etabolic complications, e.g. insulin resistance, hypertension 
and alterations in lipid levels 


of available testosterone to oestrogen in bone) with lesser risk of hot 
flushes and loss of sexual function. However, they carry a greater 
risk of gynaecomastia and mastalgia. The different side-effect pro- 
files of these two types of hormonal therapy can allow clinicians 
and patients to choose the best approach to maintain quality of life 
while assuring effective oncological therapy for the individual. 


Conclusion 


Hormonal therapy has remained a gold standard in the management 
of prostate cancer for more than 60 years. This has evolved from 
surgical to medical castration with the introduction of the LHRH 
agonists and more recently GnRH antagonists. Through advances 
in the use of hormonal therapy, treatment intent has evolved from 
purely palliative in advanced (metastatic) prostate cancer to now 
potentially curative by combination with radiotherapy in locally 
advanced disease. The therapeutic possibilities are likely to increase 
in the near future as we await the results of clinical trials of new and 
promising hormone therapies. 
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OVERVIEW 


There is new hope for patients with castrate-resistant prostate 
cancer 


Docetaxel-based chemotherapy can improve survival in some 
patients 


Cabazitaxel is a new generation taxane for docetaxel-resistant 
patients 


Abiraterone has shown promising results in Phase Il and Ill trials 


Sipuleucel-T is the first active immunotherapy to demonstrate an 
improvement in overall survival for advanced prostate cancer 


Introduction 


The survival of men with castration-resistant prostate cancer 
(CRPC) has generally been regarded as poor. However, the median 
survival in recent Phase III studies has ranged from 12.2 to 
21.7 months, with improvements in survival seen mostly with 
docetaxel-based regimens. Two publications, both appearing in 
2004, firmly established the benefits of this therapy. In the land- 
mark TAX-327 trial, 1006 chemotherapy-naive CRPC patients were 
randomised to three different treatment arms: docetaxel 30 mg/m? 
every week, docetaxel 75 mg/m? every three weeks and mitox- 
antrone 12 mg/m? every three weeks. All patients received pred- 
nisone 5 mg orally twice a day. Patients receiving docetaxel every 
three weeks had a significant improvement of survival compared to 
weekly docetaxel and mitoxantrone (18.9 months vs 16.5 months; 
p < 0.009). PSA response, pain control and quality of life were also 
significantly better with docetaxel every three weeks compared to 
mitoxantrone. An update of the results of TAX-327 trial published 
in 2007 showed a survival benefit of docetaxel every three weeks 
compared to mitoxantrone and no survival benefit with the weekly 
docetaxel. At three years, survival was 17.2% for docetaxel every 
three weeks compared to 12.8% with mitoxantrone (p = 0.005). 
The Southwest Oncology Group (SWOG) 99-16 study also 
shows survival benefit with docetaxel. Some 674 patients with 
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metastatic CRPC were randomised to docetaxel/estramustine and 
mitoxantrone/prednisone arms. Treatment regimen was 280 mg 
of estramustine three times daily on days 1 through 5, docetaxel 
60 mg/m? on day 2 in the docetaxel arm and 12 mg of mitoxantrone 
mg/m? on day 1 plus 5 mg of prednisone twice daily in the mitox- 
antrone arm. Docetaxel was reported to be superior to mitoxantrone 
with a median survival of 17.5 months vs 15.6 months (p = 0.02), 
median time to progression (6.3 vs 3.2 months; p < 0.001) and PSA 
declines of 50% (50% vs 27%; p < 0.001). These two trials showed 
a 20-24% reduction in mortality in patients with CRPC treated 
with docetaxel-based chemotherapy. 

There is now new hope for patients who relapse following 
docetaxel-based therapy. Until recently, treatment was only pallia- 
tive, as no therapy had been shown to produce a survival benefit in 
this setting. However, a new generation taxane, cabazitaxel, has been 
developed to overcome docetaxel resistance, and is now available 
in the USA, and hopefully soon in Europe. Cabazitaxel, similar to 
docetaxel, is a semi-synthetic microtubule stabiliser extracted from 
needles of the European yew tree. In pre-clinical studies, cabazi- 
taxel offers the advantage of being active in vitro and in vivo in cell 
lines and tumour models resistant to docetaxel, and shows a bet- 
ter blood—brain barrier penetration than other taxanes. In tumour 
models sensitive to docetaxel, its anti-tumour activity is comparable 
to docetaxel. In a large Phase III trial, 755 patients with metastatic 
CRPC progressing during or after docetaxel treatment were ran- 
domised to receive cabazitaxel (25 mg/m? every three weeks) plus 
prednisone/prednisolone (10 mg daily) or mitoxantrone (12 mg/m? 
every three weeks) plus prednisone/prednisolone, an active treat- 
ment commonly used for palliation at this stage of the disease. 
Primary end-point was overall survival. Cabazitaxel significantly 
reduced the risk of death by 30% (HR = 0.70, 95%CI [0.59-0.83]; 
p < 0.0001) with a median overall survival of 15.1 months versus 
12.7 months with mitoxantrone. Progression-free survival, tumour 
response and PSA response were also significantly improved with 
cabazitaxel compared to mitoxantrone. In this population with 
very advanced disease and heavily pre-treated with chemother- 
apy, the most frequent grade 3/4 adverse events observed with 
cabazitaxel compared to mitoxantrone were neutropenia (81.7% 
vs 58%), febrile neutropenia (7.5% vs 1.3%) and diarrhoea (6.2% 
vs 0.3%). Patients should be carefully monitored for these adverse 
events, especially at treatment initiation, but if they occur they are 
readily manageable. 


The prospects for further improvements in survival for men 
with CRPC are even more promising, considering that several 
molecules targeting angiogenesis (aflibercept), endothelin receptor 
(atrasentan, zibotentan), steroid receptor coactivator (dasatinib), 
RANK Ligand (denosumab) and immune response (sipuleucel-T, 
prost-vac VF) are either in late stage of development (Phase II) or 
actually launched (sipuleucel-T). These have been the subject of a 
recent review, however, shortage of space precludes the possibility 
of discussing all of them here. Sipuleucel as immunotherapy is 
particularly expensive ($98,000) and is discussed elsewhere in this 
book (Chapter 18). 

Among a number of novel targets being evaluated are several 
endothelin-receptor antagonists. Endothelins (endothelin-1, endo- 
thelin-2, and endothelin-3) are regulators of cell proliferation, 
vasomotor tone, and angiogenesis. The endothelins bind to two 
receptors, endothelin-A and endothelin-B, and play a major role 
in tumour growth, proliferation, apoptosis, angiogenesis, and bone 
metastasis. Patients with metastatic prostate cancer have elevated 
levels of plasma endothelin-1 compared with patients with organ- 
confined cancer. Endothelin-A is thought to promote osteoblastic 
activity characteristic of bone metastases in prostate cancer. 

Atrasentan, predominantly an endothelin-A receptor antagonist, 
was studied in two Phase III trials. In the first study, 809 patients 
with CRPC were randomised to atrasentan 10 mg daily vs placebo. 
The primary endpoints were time-to-progression (TTP) which 
was determined according to radiographic and clinical measures. 
Atrasentan did not reduce the risk of disease progression relative 
to the placebo (hazard ratio, 0.89; p = 0.136). In exploratory 
analyses, however, bone alkaline phosphatase and PSA levels were 
significantly lower in the atrasentan arm. Atrasentan generally was 
tolerated well, and the most common adverse events associated with 
treatment were headache, rhinitis, and peripheral edema, reflecting 
the vasodilatory and fluid-retention properties of endothelin-A 
receptor blockade. In a second Phase III trial, 941 men with 
PSA-only CRPC were randomised to receive atrasentan 10mg 
daily vs placebo. 

Although not statistically significant, fewer patients treated with 
atrasentan experienced disease progression compared with placebo 
(p = 0.288) and the median survival was longer for the atrasentan 
group (p = 0.176). Although it did not meet the primary endpoint 
expectations, atrasentan did have an impact on molecular markers 
that indicate disease progression. There was improvement in bone 
alkaline phosphatase (-1.51 IU/L (A) vs +2.2 IU/I (P); p = 0.001) 
and PSA doubling time was delayed (p = 0.031). An ongoing Phase 
III study, the Southwest Oncology Group trial (SWOG S0421) is 
evaluating atrasentan in combination with docetaxel/prednisone as 
a first-line treatment in metastatic CRPC. 

Zibotentan (ZD4054) is a specific endothelin A (ET) receptor 
antagonist that unlike atrasentan has no detectable activity at the 
endothelin B (ETg) receptor. The results of early clinical trials 
supported a large Phase II trial in men with CRPC. A randomised, 
double-blind, placebo-controlled, parallel-group, Phase II trial was 
undertaken in 65 centres in 14 countries across Europe, North 
America, Australasia and South East Asia. A total of 312 patients 
with HRPC and bone metastases who were pain free or mildly 
symptomatic for pain were recruited and randomised to receive 
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once daily zibotentan 10mg (n = 107), or 15mg (n = 98), or 
matching placebo (n = 107). The primary endpoint was time to 
progression, defined as clinical progression, requirement for opiate 
analgesia, objective progression of soft-tissue metastases, or death 
in the absence of progression. PSA progression and change in 
number or appearance of bone metastases on scintigraphic imaging 
did not count as progression events. Secondary endpoints included 
overall survival, PSA progression, and safety. 

At the primary analysis, no statistically significant difference in 
time to progression was observed for zibotentan versus placebo 
(HR: 10 mg, 0.88 [80% CI 0.71, 1.09]; 15mg, 0.83 [0.66, 1.03]). 
However, a promising signal for prolonged overall survival was 
observed in the zibotentan treatment groups versus placebo, based 
on 40 deaths (HR: zibotentan 10mg, 0.38 [80% CI 0.22, 0.64], 
p = 0.019; zibotentan 15 mg, 0.61 [0.38, 0.99], p = 0.190). At the 
second analysis, after 118 deaths, the survival benefit was sustained 
(HR versus placebo: zibotentan 10 mg, 0.55 [80% CI 0.41, 0.73], 
p = 0.008; zibotentan 15 mg, 0.65 [0.49, 0.86], p = 0.052), while 
there continued to be no significant difference in time to progres- 
sion. Median overall survival was 24.5 and 23.5 months in the 
zibotentan 10 mg and 15 mg treatment groups, respectively, com- 
pared with 17.3 months in the placebo group. At the final analysis, 
a total of 211 (68%) deaths had occurred. There was a promising 
signal for overall survival (HR versus placebo: zibotentan 10 mg, 
0.83 [80% CI 0.67, 1.02], p = 0.254; zibotentan 15 mg, 0.76 [0.61, 
0.94], p = 0.103), while there continued to be no significant dif- 
ference in time to progression. Median overall survival was 24.5 
and 23.5 months in the zibotentan 10mg and 15 mg treatment 
groups, respectively, compared with 17.3 months in the placebo 
group. Consistent with the previous analyses, no statistically signif- 
icant differences were observed in TTP for either zibotentan 15 mg 
compared with placebo (HR 0.86, 80% CI: 0.72-1.04, p = 0.309) 
or zibotentan 10 mg compared with placebo (HR 1.06, 80% CI: 
0.89-1.27, p = 0.673) at the final analysis. No significant differ- 
ences were observed in time to PSA progression. Adverse events 
were in line with the expected pharmacodynamic effects of an ET 4 
receptor antagonist, most commonly headache, peripheral oedema 
and nasal congestion. 

The promising improvement in overall survival with zibotentan 
seen in the Phase II study supports further investigation in Phase 
TI clinical trials, with overall survival as the primary endpoint. The 
zibotentan ENdoTHelin A inhibitor USE (ENTHUSE) Phase III 
clinical trial programme consists of three randomised, double-blind 
trials, which together will include more than 3000 patients with 
HRPC across more than 400 centres worldwide. 

There is also considerable anticipation, and a good deal of media 
coverage, concerning the prospects for abiraterone. Several preclin- 
ical and clinical studies have shown that despite being ‘hormone 
refractory’, prostate cancer cells continue to express high andro- 
gen receptor expression and thus mediate androgen signalling. 
Abiraterone acetate is a potent and a highly selective irreversible 
inhibitor of cytochrome P-17 (17 a hydroxylase and C17,20-lyase), 
a dual enzyme that blocks adrenal androgen production. 

In a study, 58 patients who had progressive, metastatic CRPC 
and had failed hormonal therapy and up to two cytotoxic regi- 
mens, including docetaxel, were treated with abiraterone (1,000 mg 
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once daily) and prednisone (5 mg twice daily). Twenty-five of 56 
patients (45%) had a PSA decline >50%. Median time to PSA 
progression was 169 days. The majority of abiraterone-related 
adverse events were grades 1—2 and no grade 4 adverse events were 
reported. Also noted was a significantly better PSA response in 
the ketoconazole-naive post-docetaxel CRPC population. A ran- 
domised Phase III pivotal study to confirm these results is ongoing. 

Recent evidence has also indicated an important role for 
vaccine-based immunotherapy in CRPC. Sipuleucel-T (Provenge) 
consists of autologous peripheral blood mononuclear cells, 
including antigen presenting cells, that have been activated during 
a defined culture period with a recombinant fusion protein con- 
sisting of prostatic acid phosphatase (PAP), an antigen expressed 
in prostate cancer tissue, linked to granulocyte-macrophage 
colony-stimulating factor (GM-CSF), an immune cell activator. 
The patient’s peripheral blood mononuclear cells are obtained via 
a standard leukapheresis procedure approximately three days prior 
to the infusion date. The active components are autologous antigen 
presenting cells and human PAP-GM-CSF fusion protein. During 
culture, the recombinant antigen can bind to and be processed 
by antigen presenting cells into smaller protein fragments. The 
recombinant antigen is designed to target antigen presenting 
cells, and may help direct the immune response to PAP. Minimal 
residual levels of the intact human PAP-GM-CSF fusion protein 
are detectable in the final sipuleucel-T product. The cellular 
composition of sipuleucel-T is dependent on the composition of 
cells obtained from the patient’s leukapheresis. The activated, 
antigen-loaded APCs are then infused into the patient, where it 
can potentially stimulate a T cell response against prostate cancer 
cells. The process is performed three times over the course of a 
four-week period. The vaccine has been studied in three Phase 
III clinical trials. In the first Phase HI study, D9901, consisting 
of 127 men with asymptomatic, metastatic CRPC, sipuleucel-T 
every two weeks for three cycles was compared with placebo in 
a 2:1 ratio. The final three-year follow-up of the D9901 phase 
III study showed a median survival benefit of 4.5 months and a 
threefold improvement in survival at 36 months for patients who 
were randomised to receive Provenge. In another similar phase 
II trial, D9902A, 98 men with asymptomatic, metastatic CRPC 
demonstrated a 21.4% improvement in overall survival (OS) for 
patients randomised to sipuleucel-T. In both studies, the vaccine 
was well tolerated, and the most common adverse events were 
chills and fatigue. The third Phase III trial, D9902B, also known as 
the IMPACT trial (Immunotherapy for Prostate Adenocarcinoma 
Treatment) was a randomised, double-blind, placebo-controlled 
study comparing Provenge with placebo in 512 men with CRPC 
randomised in 2:1 ratio. The median overall survival favoured 


the vaccine arm with a 4.1-month increase in overall survival 
for patients treated with sipuleucel-T (25.8 vs 21.7 months; 
p = 0.032). Also, the 36-month survival probability was 31.7% in 
the sipuleucel-T group versus 23.0% in the placebo group. Therapy 
with sipuleucel-T was also associated with a positive overall survival 
effect in an analysis that included 18 additional deaths observed 
between the data-cutoff and study-completion dates, with a median 
of 36.5 months of follow-up (hazard ratio, 0.76; 95% CI, 0.61 to 
0.95; p = 0.02). Sipuleucel-T is the first active immunotherapy 
to demonstrate an improvement in overall survival for advanced 
prostate cancer. Given the short duration of the therapy (one 
month) and its favourable benefit-to-risk ratio, sipuleucel-T pro- 
vides an attractive new option for the management of advanced 
prostate cancer. 


Conclusion 


In conclusion, a number of promising avenues are now available 
for men with CRPC. For the present, chemotherapy with docetaxel 
provides the mainstay, but newer options, including abiratarone, 
seem promising and are likely to be added to the armamen- 
tarium shortly. 
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OVERVIEW 


Immunoediting is a process in which tumours are eliminated by 
the immune system in the initial phase, then followed by the 
equilibrium phase and finally by the escape phase when tumours 
evade immune control. This is the currently held hypothesis on 
the interaction between cancer and the immune system 


The prostate gland is a poorly immunogenic gland, however, it 
has a set of distinct antigens (PSA, PSMA, PAP) that can be 
exploited to be used for immunotherapy treatment 


Cancer immunotherapy strategy aims at stimulating the adaptive 
immune system to attack cancer cells. An organ-specific tumour 
antigen or group of antigens can be used to ‘show’ and ‘teach’ 
the immune system where and what to attack 


There are various ways to present these antigens to the immune 
system. The only FDA-approved treatment is sipuleucel which 
uses the patient’s own dentritic cells (DC) to load PAP antigen 
onto the antigen-loaded DC cells in the patient. This then elicit 
an anti-tumour immune response extending the life of patients 
by 4.5 months on average 


All immunotherapy approaches so far have concentrated on 
treating patients with metastatic prostate cancer whose immune 
system is ‘fatigued’. A treatment strategy aiming at treating 
early cancer would exploit a better functioning immune system 


Prostate cancer and the immune system 


The concept that the immune system can combat cancer was put 
forward over 100 years ago with the discovery that immune effector 
cells can recognise cancer cells as non-self, and thus can eliminate 
them in the same way as viral or microbial pathogens. Both the 
innate immune system consisting of non-antigen-specific cells such 
as macrophages, dendritic cells, neutrophils, natural killer cells, 
gamma delta T cells, and complement, and the adaptive immune 
system, with antigen-specific cytotoxic and helper T cells and 
antibody-producing B cells which can obtain a memory phenotype 
against specific antigenic challenge, are known to be able to respond 
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Table 17.1 Type of tumour-associated antigens. 


Type of tumour-associated 
antigens 


Example in prostate 


Unique point mutation-specific 
tumour antigens 


Spas-1 
Tumour-specific antigens Cancer-testis antigens e.g. NY-ESO1 
Over-expressed antigens (greater GAD1, CARM-1, PSMA, PSA, Dickkopf-1 
expression in tumour vs normal 

tissue) 


Viral antigens XMRV 


against cancer cells, through the ability to recognise them as foreign. 
For example, many tumour antigens are known to be recognised 
by T cells and B cells and both tumour antigen-specific T cells and 
antibodies against tumour antigens can be detected in patients with 
cancers such as melanoma, ovarian cancer, colorectal carcinoma, 
and hepatocellular cell carcinoma. These antigens fall into a num- 
ber of types including unique patient or shared tumour-specific 
antigens, antigens which are in both tumours and normal tissues, 
and viral antigens. In prostate cancer, a number of antigens are 
also known to be expressed which can be used for prostate cancer 
diagnosis or monitoring (Table 17.1). 

The stages of tumour elimination by the immune system follow 
a pattern where there is an initial recruitment of immune cells 
including either neutrophils, monocytes and macrophages to the 
site of the tumour, normally through the presence of acute or 
chronic pro-inflammatory signals which are produced by normal 
or tumour cells reacting to the tumour micro-environment. These 
cells release cytokines and chemokines such as IL-8 and IL-6 which 
will attract T cells and NK cells to the sites of the tumour. Inflamed 
endothelium in these areas also express E-selectin, which will recruit 
cells such as T and B lymphocytes and neutrophils which express 
carbohydrate ligands such as Lewis x and sialyl Lewis X. Once 
T cells and NK cells can get to the tumour, they will secrete other 
chemokines and cytokines such as interferon gamma and IL-2 
and IL-12 for further recruitment of T cells, NK cells, B cells and 
Dendritic cells, and these are critical in taking up antigens for 
presentation to helper T cells in the lymph nodes for the creation 
of antigen-specific T cells, and for the creation of an antibody 
response against the tumour antigens. B cells also take up antigen 
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for processing either through T cells or independently, and can 
process antigen for antibody production. During the last stages of 
the elimination phase the tumour-specific CD4 helper and CD8 
cytotoxic T lymphocytes from the lymph nodes and tumour specific 
antibodies infiltrate the tumour environment to eliminate the 
tumour cells, with some antibodies acting through ADCC (antibody 
dependent cellular cytotoxicity) via Fc receptors on NK cells. 


The concept of immunoediting 


In prostate cancer, as in many other cancers, the concept of tumour 
elimination by the immune system has been superseded by a new 
hypothesis, known as immunoediting. In this hypothesis, there is 
the initial phase described above where the immune system can 
recognise and actively react and eliminate tumour cells appearing 
within a normal tissue environment, however, there are two further 
phases known as equilibrium, and escape. 

In the equilibrium phase, there is a balance between the destruc- 
tion of tumour cells by the immune system and the proliferation of 
new tumour cells in the lesion. The new cells formed are eliminated 
in due course, but the immune system cannot eliminate the lesion 
completely. In prostate cancer and breast cancer, this phase may 
last for many years with either a minimal residual tumour volume 
obtained after surgery or radiotherapy or with small tumours that 
are non palpable and therefore not detectable for many years. The 
reasons for this equilibrium state are as yet unclear, however, the 
coexistence of tumour cells with immune cells has been observed 
in a number of animal models. 

The third stage of the hypothesis is escape. In this phase, cells 
may be growing at a rapid or slow rate, but these cells are now 
able to evade the immune system by one or more of a number of 
techniques such as the production of factors to prevent attack or 
masking of the cell surface by a loss or alteration of surface antigens 
such as MHC molecules, or the ability to move away from the site 
of capture (metastasis). Such cells that are growing in the presence 
of an ongoing immune response have either grown to resist the 
immune onslaught by selective pressure or have an inherent or 
induced genetic predisposition to evade recognition, or to inhibit 
the effector cells that they encounter. 


Factors that cause immunosuppression 
in prostate cancer 


There is an immense arsenal of immunosuppressive factors that 
the tumour cells themselves or the cells or stroma of the tumour 
microenvironment are able to produce to enable the continued 
existence of a cancer population. The micro-environment of the 
cancerous prostate has been shown to be very immunosuppressive 
and prostate cancer cells are frequently poorly immunogenic, i.e. 
unable to give rise to an immune response. 


Suppressive immune cell populations 

within the prostate tumour environment 

Although the infiltration of functionally active lymphocytes into 
tumour lesions is a favourable state for the elimination of the 


tumour cells, in high grade prostate cancer, immune infiltrates of 
CD3-+ T cells are significantly diminished. Also immune infiltrates 
have been shown to frequently consist of anergic or suppressive 
T cell populations such as CD4+CD25+FOXP3-+ regulatory T 
cells (known as Tregs) and also a rarer CD8+CD25+FOXP3 4 

population. Both these cell types suppress both T cell prolifera- 


tion and activity and NK function. Other suppressor populations 
appearing in the infiltrate are myeloid suppressor cells. These are 
immature myeloid cells which are either resident in the tissue or 
migrate there through recruitment, but have a suppressor func- 
tion against dendritic cells, T cells and NK cells in the tissue. The 
phenotype of these cells is not well characterised, but is thought 
to consist of Cd33+CD11b positive cells. The suppressive cells are 
either recruited into the tumour lesion by chemokines secreted by 
the tumour itself, or they are formed from active non-suppressive 
effector cell populations through the functions of cytokines secreted 
from the tumour or stromal tissue. For example, prostate cancer 
cells and the cells of their surrounding environment such as fibrob- 
lasts, can secrete TGF beta, IL-2 and IL-10 which can actively induce 
the production of Tregs and myeloid suppressor cells. Although 
Tregs can naturally occur in the immune system, they are of thymic 
origin and therefore as the thymus is absent or atrophied in old 
age, the Tregs of prostate cancer patients (who are diagnosed later 
in life) are thought to be induced in the tumour environment 
itself. The molecule indoleamine 2,3-dioxygenase (IDO) secreted 
by myeloid suppressor cells and by fibroblasts and other stromal 
components also suppresses T cell and NK cell function. 


Suppressive stromal proteins in the prostate 
tumour environment 

A number of suppressive prostate associated proteins have also 
been discovered, for example, fibroblast associated protein (FAP-1). 
These proteins are secreted in the normal prostate microenviron- 
ment but higher levels are associated with cancerous stroma. Their 
inhibitory functions have not been well characterised, but they can 
inhibit proliferation and the function of effector T cells and NK cells. 


Loss of antigenic and gain of inhibitory 

tumour membrane bound proteins 

A complement attack of tumour cells can happen through direct 
antibody involvement or through ADCC mechanisms, as described 
previously. The inhibition of complement by tumour cells is an eva- 
sive mechanism which attenuates the effects of antibodies toward 
tumour antigens and also may reduce the efficacy of antibody 
therapies such as herceptin. Membrane-bound complement regu- 
latory proteins such as CD46, CD59, CD55 and CD97 (a receptor 
for CD55) are known to be expressed frequently in tumour cell 
populations and the receptors CD55 and CD97 are upregulated in 
prostate cancer biopsies from primary and metastatic disease and 
in patients with prostate interstitial neoplasia (PIN) compared to 
biopsies from normal prostate. 

MHC class I antigens are expressed on almost all human 
nucleated cells and play a vital part in the anti-viral and anti- 
tumour immune response through their ability to present intra- 
cellular protein-derived peptides to antigen-specific cytotoxic T 


lymphocytes (CTLs). In many cancers, including prostate cancer, 
there is a dramatic loss of MHC class I antigen with tumour pro- 
gression and 100% of prostate metastases have no class I expressing 
cells. Also, in one study, expression of class 1 protein, corresponding 
to an HLA-A genotype has been shown to be partially or completely 
lost in approximately 90% of the tumours examined: However, 
only 8% of these patients also had a deletion of the HLA-Al and 
HLA-A2 alleles—so that the loss of expression is mostly at the 
translational level. Up-regulation of expression of MHC class I 
protein on the cell surface is possible with some immunotherapeu- 
tic, chemotherapeutic and radiotherapy regimens. For example, 
interferon gamma up-regulates MHC class I expression on prostate 
cancer TRAMP-C1 MHC class I negative tumours. Radiotherapy 
up-regulates a number of cell surface molecules, including MHC 
class I and FAS (CD95) that makes tumour cells more susceptible 
to T-cell-mediated immune attack. Chemotherapeutic drugs such 
as 5-Aza-2'-deoxycitidine also increase the expression of class I on 
a number of tumour cell lines, including those of prostate cancer. 

Tumour cells, including those in the prostate, can also be elim- 
inated by their lack of expression of MHC class I antigens which 
are monitored by NK cells through the missing self-hypothesis. 
However, this hypothesis has also been modified on the discovery 
of families of inhibitory receptors on NK cells and their correspond- 
ing ligands on tumour cells. Such families of receptors including 
the KIR and LILR receptors (which were originally discovered in 
myeloid cell populations such as monocytes and Dendritic cells) 
and their ligands including non-classical MHC molecules such 
as HLA-G and HLA-E can promote potent immunosuppressive 
functions, and tumour cells commonly express these ligands in 
prostate cancer. 


Immunotherapy strategies 


Cell-based immunotherapy 
The concept of cell-based immunotherapy is to expose a whole 
tumour cell to the immune system to evoke a response to multiple 
antigens, thus acting as a vaccine. The allogeneic tumour cells are 
introduced into the patient where these cells can attract antigen 
presenting cells (APCs) to the site of introduction. The introduced 
cells are destroyed and taken up by APCs; which present the antigen 
to T-cells and activate T-cell cytotoxic activity towards tumour 
cells in the patient. Dranoff et al. examined the immunogenicity of 
irradiated melanoma cells in mouse models. Retroviral gene transfer 
of some cytokines into the tumour cells was used to enhance the 
immunogenicity of the tumour cells. Irradiated transduced vaccine 
tumour cells were injected. A high level of CD4+ andCD8+ 
T-cell immune responses was observed. The GM-CSF attracts 
antigen-presenting cells to the injection site. Other cytokines did 
not show similar anti-tumour activity. The treatment works by 
recruiting antigen-presenting cells (APC) such as dendritic cells 
to injection sites. The vaccine cells are lysed and the debris are 
taken up by APC, resulting in TH1 and TH2 cell activation which 
activates cytotoxic cell tumour lysis. 

The whole cell allogeneic immunotherapy treatment has been 
developed further and has used prostate cancer cell lines including 
the hormone sensitive cell line LNCaP and hormone resistant cell 
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line PC3. In a Phase II trial studying the effect of this type of treat- 
ment, dendritic cells and macrophages in addition to eosinophils 
were present at the site of the intradermal injection, confirming the 
ability of the transduced cells to secrete GM-CSF in vivo. Several 
patients mounted LNCaP and PC3 reactive antibodies. There is a 
possible correlation between the antibody titre and time from vac- 
cination. This treatment strategy exposes multiple tumour antigens 
to potentiate the anti-tumour immune response. 


Antigen-specific approach 

This strategy focuses on one antigen to evoke an anti-tumour 
immune response. Various tumour-associated antigens (TAA) anti- 
gens have been studied for this type of treatment. Three of them 
have been targeted. Prostatic-specific antigen (PSA) is a glycopro- 
tein and a serine protease enzyme secreted by the epithelial cells 
of the prostate gland. Another antigen is prostate acid phosphatase 
(PAP), which is expressed in the vast majority of prostate cancer 
cells. The third antigen is the prostate-specific membrane antigen 
(PSMA). The selected antigen can be carried and introduced to its 
target using various mechanisms, including a virus vector or DNA 
plasmid or using one of the host own antigen presenting cell as a 
vehicle. These methods are discussed in more detail below. 


Virus-based vectors 
This approach uses a vaccine as a vehicle for the targeted anti- 
gen. The most commonly used vector is Vaccinia virus as prime 
vaccine and fowlpox virus as the booster vaccine (ProstVac VF). 
This vaccine has a DNA plasmid encoding PSA, in addition to 
co-stimulatory molecules (lymphocyte function-associated antigen 
3 LFA3, CD80 and intracellular adhesion molecule 1 (ICAM1)). 
All three molecules form the Triad of Costimulatory Molecules 
(TRICOM) and are designed to synergistically enhance T-cell prolif- 
eration. The viral vector is injected intradermally infecting epithelial 
cells which eventually die with a cell debris including the PSA as 
antigen, which is taken up by antigen-presenting cells (APC) that 
present it to CD4+ and CD8-+, sensitising it against PSA-producing 
prostate cancer cells. The immune response can be limited by anti- 
body responses to the viral protein rather than the encoded antigen. 
This type of treatment is effective if cancer is caused by viruses (HBV, 
HPV) as the vaccine would be used as a preventive measure. 
Virus-based vaccine strategy is limited to narrow virus options 
that can be used, in addition there is the need for a repeated booster 
dose. The immune response can be dual in effect: one against 
the viral vector which is the undesirable but sometime inevitable 
response and the other against the target antigen carried in the 
vector virus which is the desirable response. Plasmid DNA-based 
vaccines aim to avoid the disadvantages of having a carrier viral 
vector and use plasmid to carry the genetic code for the desired 
antigen to generate an antigen-specific T-cell response. A plasmid 
vector is used to encode an antigen sequence, usually a PAP code, 
and this is injected intradermally with or without GM-CSF to elicit 
the desired immune response. 


APC loaded Ag 
In this type of approach, the antigen is loaded onto autologous APC. 
A recent Food and Drug Administration (FDA) approved treatment 
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(Sipuleucel-T, Dendreon) is composed of autologous APCs which 
are loaded with PAP fused with GM-CSF. This fusion protein is 
called PA2024 and is designed to help with antigen presentation 
by up-regulating co-stimulatory molecules. The treatment starts by 
isolating the patient’s dentritic cells (DC) by leukapheresis. Then 
the cells are incubated with the fusion protein for 40 hours. The 
cells take up the protein. The product is then injected intravenously 
into the patient. GM-CSF mediates PAP presentation. The elicited 
immune response includes activation of CD4+ and CD8-+. 


Monoclonal antibodies 

The preferred antigen for this type of approach is PSMA, which is a 
transmembrane glycoprotein. It has an internalisation motif which 
makes it an ideal target for monoclonal antibodies. An anti-PSMA 
antibody has been developed in the mouse and is de-immunised 
(J591). The antibody is labelled with a radioisotope !”’Lutetium. 
The antibody aims to bind the target prostate cancer cells where the 
radioisotope Gamma emissions induce cell death. 


Immune pathway targeted treatment 

This method targets the immune system rather than the tumour. 
One goal is a feedback molecule. Cytotoxic T Lymphocyte Antigen 4 
(CTLA-4) is expressed on the activated T-Cell. It modulates and 
inhibits T-cell activation, forming a sort of feedback control. It acts 
as an inhibitor to T-cell activity. The deficiency of CTLA-4 results in 
lymphoproliferative disorders and the immunOsuppressive func- 
tion of Tregs depends on CTLA-4. The inhibitory activity of 
CTLA-4 helps tumour tolerance; thus blocking CTLA-4 activ- 
ity may result in anti-tumour immune activation. A monoclonal 
antibody (MDX-010 Ipilimumab) modality has been developed 
which aims at inhibiting Tregs’ activity and potentiating CD4+, or 
CD8-+ activity. 


Conventional treatment and immunology 


Conventional prostate cancer treatment modalities such as hor- 
mone, radiotherapy and chemotherapy alter the immune system. 

Androgen ablation may boost the anti-tumour immune response. 
CD4-+ number in the prostate gland increases after treatment with 
anti-androgen, the expansion of naive T-cells, the increase in 
effector T-cell response and the production of prostate associated 
antibodies. All these indicate that androgen deprivation may facil- 
itate a favourable anti-tumour environment. Radiation treatment 
has a similar effect on the immune system. Hurwitz et al. (2010) 
found that in 13 prostate cancer patients treated with radiotherapy, 
there was increased number of CD8+ and NK cells in addition 
to higher level of Heat Shock Protein (HSP) 27 level. HSP27 
acts as immunomodulator and has a role in activatating cytotoxic 
T cells. Another protein (HMGB1) is released by radiotherapy 
treated dying cells; Apetoh et al found that HMGB1 is the primary 
ligand for TLR4 which activates dentritic cells and provoke T cell 
response. The combination of these conventional treatment modali- 
ties with the new immunotherapeutic modalities is being explored in 
various trials. 


Clinical trials in prostate cancer 
immunotherapy 


ProstVAC 

Prostatic-specific antigen (PSA) is a target for immunotherapy 
as it is exclusively expressed in the prostatic epithelial cells. The 
vaccinia virus elicits humoral and cell-mediated responses and a 
recombinant form of vaccinia virus encoding PSA (rV-PSA) is 
used to enhance the immunogenicity of PSA-producing cells and 
subsequently cell lysis. In a clinical trial of 33 men with prostate 
cancer recurrence after radical prostatectomy or radiotherapy, 
rV-PSA was given on three-monthly dose basis. A PSA-specific 
T cell response was present in five patients in whom PSA blood 
level stabilised for up to 21 months post treatment. IgG and IgM 
humoral response was observed in one patient only. 

In a Phase II randomised trial, rV-PSA was used in a prime 
vaccine, with fowlpox virus encoding PSA as a boost vaccine 
(rF-PSA). Sixty-four patients with organ-confined prostate cancer 
with biochemical failure after local radical treatment of surgery or 
radiotherapy were involved in the study. An increase of absolute 
measure of PSA above 2ng/ml after surgery or three consecu- 
tive increases after radiotherapy constituted biochemical failure. 
Neoadjuvant chemotherapy or hormonal treatment was given for 
six months prior to enrolling into the study. All participants had 
negative bone scans and no evidence of locally advanced disease. 
Patients were assigned to three treatment arms, one to receive 
3rF-PSA vaccine alone, another to receive multiple doses 3rF-PSA 
vaccine followed by one dose of rV-PSA or to the third arm of mul- 
tiple doses of rV-PSA followed by a single dose 3rF-PSA. The study 
did not have a control arm with conventional treatment. The results 
showed no objective biochemical response, with 45% of patients 
showing no PSA progression and 78% free of clinical progression 
at 19 months with no difference between the treatment arms. The 
immunologic response did not show increases in anti- PSA antibody 
but there was an increase in PSA-induced T cell proliferation. 

Another Phase II trial evaluated the effectiveness of rV-PSA, 
however, this group used a different T-cell co-stimulatory molecule 
(B7.1) and IL-2. In addition, a granulocyte-macrophage colony- 
stimulating factor (GM-CSF) was given to enhance dentritic 
cell recruitment. This treatment regime was compared to anti- 
androgen (nilutamide) treatment. A total of 42 hormone refractory 
metastatic free prostate cancer patients were randomised to receive 
prime/boost strategy (rV-PSA, rF-PSA), however, the treatment 
continued rF-PSA boost on a monthly basis until disease recur- 
rence, contrary to the four doses regime in the previous trial. The 
anti-androgen treatment arm received nilutamide orally on a daily 
basis until disease recurrence. A cross-over of 12 patients from 
the vaccine to the anti-androgen arm and eight patients from the 
anti-androgen to the vaccine arm was observed. There was no dif- 
ference in time to treatment failure for the vaccine arm (9.9 months) 
and the nilutamide arm (7.6 months). Time to treatment failure 
for combined therapy was 13.9 months (vaccine then nilutamide), 
extending the overall treatment to 25.9 months and 5.2 months 
(nilutamide then vaccine) with total treatment of 15.9 months. PSA 
specific T-cell response was observed in varying degrees in the vac- 
cine treatment arm. In the vaccine arm, 13 patients had a decrease 


in their PSA velocity compared to 16 in the nilutamide arm. It 
is notable that sequential treatment with hormone following the 
vaccine showed improved clinical outcome but no conclusion can 
be drawn, as there is potential selection bias as patients receiving 
additional treatment had less aggressive disease. 

The largest trial to assess PROSTVAC-VF randomised 125 
patients from 43 centres in the United States in a 2:1 randomisation 
ratio to achieve 80% study power. In the vaccine arm, the treatment 
regime included one priming dose of rV-PSA-TRICOM and six 
boosts of rF-PSA-TRICOM in addition to GM-CSF adjunct treat- 
ment. The control arm received an empty vaccinia vector and an 
empty fowlpox vector boosts in an identical regime to the treatment 
arm. Patients who had minimally symptomatic castration-resistant 
metastatic prostate cancer (mCRPC) were eligible for the study. 
Progression free survival was similar in both arms, however, at three 
years the overall survival for the treatment group was better (30%) 
compared to the control group (17%) lengthening the survival by 
8.5 months. The immunological studies did not detect humoral 
response to PSA vaccine. This well-designed study failed to find 
a correlation between treatment arm and progression. However, 
clinically, it did show the improvement in overall survival in the 
relatively small group of patients. 


DNA vaccine 

A dose-escalating trial assessing the toxicity of pTVG-HP, a plasmid 
DNA encoding prostate acid phosphatase (PAP), has been con- 
ducted. Twenty-two patients were treated with an escalating dose 
of intradermal injection of the vaccine with GM-CSF as adjuvant 
treatment for 6 times over a 14-days interval. The trial confirmed 
treatmentsafety. Some 14% of patients developed PAP-specific IFNy 
secreting CD8+ T-cells. There was no significant clinical response, 
however, PSA doubling time was increased in some patients. 


GVAX 
The GVAX platform involves injecting tumour cells to provoke an 
immune response, thus presenting to the immune system a cocktail 
of antigens, which increases the likelihood of a tumour-specific 
immune response. The tumour cells are genetically modified to 
secrete GM-CSF. Two cultured allogenic prostate cancer cell lines 
are used, PC3 and LNCaP. Cell lines are genetically modified to 
encode the GM-CSF gene and are irradiated to prevent proliferation. 
The initial dose-escalating study recruited 80 hormone refractory 
metastatic prostate cancer patients. Symptomatic patients were 
excluded from the study. Five dose levels were used. Patients were 
divided into three different groups: low-dose, moderate-dose and 
high-dose groups. Treatment ranged from once every 28, 14 days, 
and it lasted for 6 months, doses started at 100x10° cells. The study 
was stopped prematurely due to disease progression in 90% of 
patients in addition to adverse events in 2%. However, it did record 
that the antibody response was proportional to the dose, and was 
highest for the high-dose group (89%) and lowest for the low-dose 
group (43%). The median survival was 35 months (high-dose), 
20 months (moderate-dose) and 23 months (low-dose) groups, 
respectively. PSA stabilised in 19% of patients. The study could not 
determine a maximum tolerable dose. 
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In Phase III trial by the same group, GVAX was compared to doc- 
etaxel and prednisolone treatment for castrate-resistant metastatic 
prostate cancer patients. Some 626 patients were recruited from 
more than 100 centres in North America and Europe. GVAX was 
given in 13 doses every two weeks and then as maintenance doses 
for a total of six months. The study was prematurely terminated as it 
showed the futility of achieving the primary end point of superiority 
in overall survival. The survival analysis showed no superiority in 
survival of GVAX over the chemotherapy arm. 

Another Phase III trial comparing GVAX in combination with 
docetaxel with patients in the control arm received docetaxel and 
prednisolone. The study aimed to recruit 600 castrate-resistant 
prostate cancer patients, however, it was terminated following 
recruiting only 408 patients due to the high death rate in the 
treatment arm and the survival advantage in the control arm. 


Monoclonal antibody 

Ipilimumab 

A Phase HI double-blind randomised controlled trial compared 
Ipilimumab to placebo, in castrate-resistant metastatic prostate 
cancer patients who are receiving radiotherapy. The study by 
Bristol Myers Squibb is ongoing and aims at recruiting 800 patients 
and is expected to conclude in 2012 (Trial number NCT00861614). 


Radioisotope Ab 

A Phase I study looked at anti-prostate specific membrane anti- 
gen (PSMA) which was a murine deimmunised antibody (J591). 
It was attached to the radiometal !”Lu (Lutetium-177). This 
study recruited 35 castrate-resistant prostate cancer patients. All 
received the treatment up to three doses. The results showed 
that myelo-suppression occurred with higher doses. There was no 
anti-J591 antibody development and all sites of metastasis took 
up the radio-labelled antibody. PSA stabilisation was observed in 
almost half of the patients. This study confirmed the excellent 
targeting ability of anti-PSMA. 

A Phase II randomised trial by Weil Cornell University is ongoing 
and is recruiting 140 patients into two arms. A monoclonal anti 
PSMA (Murine deimmunised J591) labelled with "Lu is being used 
in the treatment arm, and !!!In-J591 is being used in the control 
arm. !!In is a weak radioactive label that does not kill cancer cells. 
The study is recruiting patients who have been previously treated 
with surgery or radiotherapy and have biochemical recurrence but 
not metastasis (NCT00859781). 

Another trial by the same group is assessing the suitability of mon- 
oclonal antibody treatment of !””Lu-J591 and is recruiting patients 
with castrate-resistant metastatic prostate cancer (NCT00195039). 

A third trial is assessing the toxicity of radio-labelled mon- 
oclonal anti-PSMA treatment in combination with docetaxel. 
Castrate-resistant metastatic prostate cancer patients are being 
recruited (NCT00916123). 


Sipuleucel-T 
This is a Phase III trial that recruited 127 patients with 2:1 ran- 
domisation ratio of treatment versus placebo. Eligible patients 
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had metastatic prostate cancer with prognosis of no more than 
three months. The treatment arm patients were given APC8015 
(sipuleucel-T) in three doses two weeks apart for each dose. 
There was 48 hours between the time of apheresis and infusion 
of treatment product. Placebo group received non-pulsed APCs. 
Results showed a significant median survival of 25.9 months for 
the treatment arm compared to 21.4 months for placebo, a total 
of 4.5 months improvement in survival. In addition, there was an 
eight-fold increase in T-cell stimulation in the treatment arm. 

In an updated survival results of randomised trial comparing 
three different doses of sipuleucel-T to placebo, the same group 
recruited 512 castrate-resistant metastatic prostate cancer patients 
in 2:1, treatment: placebo ratio. The results confirmed the previous 
trial result of survival benefit for the treatment arm of 25.8 months 
compared to 21.7 of placebo group. The treatment was generally 
well tolerated. 


Conclusion 


The prostate may not look ideal for a naturally effective anti-tumour 
immune response, but the new emerging evidence links chronic 
inflammation and cancer development. Chronic prostatitis and 
HGPIN are pre-cancerous lesions and more research into the 
immune homeostasis in these conditions may hold some keys to 
an understanding of immune tolerance and cancer formation. The 
challenge for anti-tumour immune stimulation remains high and 
to date the only approved treatment for prostate cancer is expensive 
and has a survival advantage of 4.1 months. It is huge step forward 
for immunotherapy in prostate cancer but hardly a paradigm shift. 
Most of the immunotherapy treatment modalities are aimed at 
end stage prostate cancer or CRPC and certainly there is scope for 
targeting early disease and perhaps in pre-cancerous conditions. 
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OVERVIEW 


e Ablative focal therapy can be useful in low grade localised 
prostate cancer 

e Novel ablative therapies include cryotherapy, stereotactic 
radiotherapy and high intensity focused ultrasound 

e Abiraterone is a novel hormonal treatment for advanced 
castrate-resistant prostate cancer 

e Immunotherapy is an emerging treatment option for 
castrate-resistant prostate cancer 


New approaches to prostate cancer 


Novel therapies in prostate cancer are being developed for the treat- 
ment of both advanced and localised disease. Important factors in 
developing novel therapies include limitation of injury to surround- 
ing tissues and organs as well as limiting any spread of tumour cells. 
New techniques are now being developed in the areas of hormonal 
drug therapy as well as physical ablation of prostate cancer. The fol- 
lowing approaches are currently still under investigation in clinical 
trials, however, preliminary results are quite promising. 


New treatments for localised 
prostate cancer 


Ablative focal therapy for localised 

prostate cancer 

Focal therapy for low-risk localised prostate cancer is an option 
that is gaining popularity. The idea of limiting erectile dysfunction 
and urinary symptoms by treating only part of the prostate gland is 
attractive to both clinicians and patients. Techniques that have been 
tested in whole gland treatments such as HIFU and cryotherapy are 
now being tested for their efficacy as focal treatments. The clinician 
utilising these treatment options must bear in mind, however, that 
at this time diagnostic testing for prostate cancer is not specific 
enough to rule out multifocal disease in all cases. This means that 
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while an index lesion may be successfully treated by focal therapy, 
secondary lesions must also be considered. 


Focal high intensity focused ultrasound 

High intensity focused ultrasound (HIFU) is an emerging treatment 
that has been demonstrated to be efficacious in treating prostate 
cancer in multiple studies utilising whole gland treatment. The 
beam is focused through a trans-rectal ultrasound probe and is able 
to heat the prostatic tissue between 60 and 100°C, thus destroying 
the tissue by coagulative necrosis. Although most commonly used as 
a whole gland treatment, there is some limited data demonstrating 
its use as a focal treatment. Whole gland treatment studies have con- 
sistently demonstrated post-treatment continence rates above 90% 
and erectile function maintained in 20—46% of patients. A single 
institution study of 29 patients by Muto et al. (2008) demonstrated 
89% and 76% negative biopsy rates at 6 and 12 months respec- 
tively with 100% continence. All patients had unilateral, low-risk 
disease and the method of ablation used in this study consisted of 
a posterior ‘hockey stick’ approach. There are currently multiple 
ongoing clinical trials of focal HIFU treatment in localised, locally 
recurrent prostate cancer, as well as focal HIFU after radiation 
failure. Transurethral ultrasonic ablation of the prostate is another 
technique that is being studied in conjunction with real-time MRI 
mapping of the prostate. Initial feasibility studies in five patients 
have demonstrated precise temperature control, reduced treatment 
times, and theoretic elimination of rectal injuries that may occur 
during trans-rectal approaches of ultrasonic ablation. Because this 
study was performed with the sole intent of feasibility, the clinical 
outcomes of this method are not yet known. 


Focal cryotherapy 

Cryotherapy of the prostate is a technique that has been used in the 
whole gland treatment of prostate cancer, especially in the setting of 
recurrence after radiation of the prostate. It is performed by placing 
fine needles into the prostate through the perineum while imaging 
the prostate with trans-rectal ultrasound. The needles are cooled by 
argon gas so that prostate tissues reach a temperature of —140°C. 
The needles are then warmed by helium gas. Cell death in the 
prostate is achieved by ice crystal formation within the cells which 
destroys cellular architecture. Recent technical innovations in the 
field prostate cryoablation are making targeted ablation a viable 
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option. In a recent small study of focal cryoablation by Onik et al., 
94% of patients maintained a stable PSA with no local recurrences 
documented by biopsy. All of the patients in this study maintained 
urinary continence after treatment and most had satisfactory erec- 
tile function post-treatment. At this time, true focal cryoablation is 
technically possible, however, recent studies favour hemi-ablation 
techniques. Maintaining quality of life in terms of potency and uri- 
nary continence is still possible with nerve-sparing hemi-ablation, 
however, the incidence of under-treatment is theoretically lower. 


Stereotactic radiotherapy 
Intracranial stereotactic radiosurgery has been utilised to treat 
various brain lesions for many years. More recently, with the devel- 
opment of frameless systems and improved imaging techniques, 
stereotactic radiosurgery is now being applied to other organs, 
including the prostate for treatment localised prostate cancer. This 
technique is known as stereotactic body radiotherapy or SBRT. Clin- 
ical trials have shown that radiosurgery is possible in prostate cancer 
with a reasonable side-effect profile. Delivery of the radiation dose 
is extremely precise in this method because of 3D positioning and 
immobilisation of the target. Because of the exact localisation that 
can be achieved by stereotactic radiotherapy, a higher dose of radi- 
ation can be used per fraction as well as fewer numbers of fractions 
(hypofractionation). It is suggested that damage to normal tissues 
surrounding the prostate, such as the rectum, is lessened in this 
technique as compared to conventional radiation therapy. A recent 
prospective Phase II trial by King et al. with 33 months of median 
follow-up has demonstrated a 78% PSA nadir of 0.4 mg/dl. During 
this short follow-up, none of the patients had biochemical failure. 
Novel prostate cancer treatments are continually emerging as cur- 
rent techniques evolve. New hormonal drug therapy and selective 
ablative techniques, although preliminarily promising, are currently 
being tested in long-term studies to determine their overall survival 


benefit and efficacy. 
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New treatments for metastatic 
prostate cancer 


Abiraterone 

Abiraterone is a novel hormonal treatment for castrate-resistant 
prostate cancer (CRPC) that is currently being tested in Phase II 
clinical trials. It has been demonstrated that even in patients who 
have undergone androgen ablation therapy or surgical castration, 
high levels of intratumoral androgens can still be detected. This 
is due to the ability of prostate tumours to continue to utilise 
androgen receptor (AR) signalling pathways and over-expression 
of enzymes important for androgen synthesis. This allows prostate 
tumour cells to convert adrenal androgens to testosterone, thus 
giving the tumour cells ‘fuel’ for growth and expansion. Abi- 
raterone was developed with the aim of blocking this pathway of 
testosterone production. Abiraterone is a selective inhibitor of the 
cytochrome P (CYP) 17 microsomal enzyme. CYP17 is involved 
in steroidogenesis in two different pathways. The first mechanism 
is via its 17a-hydroxylase activity. Pregnenolone is converted to 
170H-pregnenolone by 17a-hydroxylase and subsequently is con- 
verted to 11-deoxycortisol and eventually cortisol. The second 
mechanism of the CYP17 enzyme is via C17,20-lyase. It is this path- 
way that is important in CRPC progression. C17,20-lyase converts 
170H-pregnenolone to dehydroepiandrosterone (DHEA) which is 
then converted to androstenedione (Figure 18.1). Androstenedione 
is converted to testosterone by 176-hydroxysteroid dehydrogenase. 
DHEA, androstendione and estradiol are all capable of stimulat- 
ing the androgen receptor and this is thought to be one of the 
mechanisms that may lead to failure of traditional anti-androgen 
treatments. 

Ketoconazole is one of the anti-androgen treatments that has 
the ability to block adrenal androgens through its inhibition of 
cytochrome P450, however, significant side-effects such as hepa- 
totoxicity, nausea, vomiting and lethargy are relatively common 
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Figure 18.1 The CYP17 enzymes 17 
a-hydroxylase and C17, 20-lyase are both 
irreversibly inhibited by abiraterone. This leads 
to decreased production of the AR stimulating 
molecules DHEA, androstenedione, 
testosterone and estradiol. 


with this treatment which limit its use. In abiraterone treatment, 
ACTH levels were elevated as high as five times normal levels 
secondary to a negative feedback loop driven by decreased levels 
of cortisol from the inhibition of 17a-hydroxylase. Side-effects of 
abiraterone treatment appeared to be due to the increase of ACTH 
from this negative feedback mechanism. Adverse events included 
hypokalemia, hypertension and lower extremity edema, but these 
were all effectively treated during the Phase I trial with the aldos- 
terone antagonist eplerenone. Two other significant side-effects 
documented during the Phase I trial were migraine headache and 
asthma exacerbation. The cause of the migraine headache was unde- 
termined, but did resolve with dexamethasone which functions by 
lowering ACTH levels, therefore it may have been secondary to 
abiraterone treatment. The patient with the asthma exacerbation 
was successfully treated with high dose steroids. In a subsequent 
Phase II trial, the addition of low dose prednisone to abiraterone 
treatment proved beneficial in limiting most of the side-effects due 
to mineralacorticoid excess. 

PSA decline greater than 50% of pre-treatment values was 
demonstrated in both Phase I and Phase IJ trials. In the Phase II 
study, PSA decline was demonstrated in patients who had received 
ketoconazole as well as ketoconazole-natve patients. Patients also 
had objective anti-tumour response by Response Evaluation Cri- 
teria in Solid Tumors (RECIST) criteria. The overall median time 
to PSA progression was 169 days. Patients who had received keto- 
conazole treatment prior to abiraterone had a median time to 
progression of 99 days while those who were had not been treated 
with ketoconazole had median time to progression at 198 days. 
Interestingly, 69% of patients in the Phase II study had circulating 
tumour cell counts (CTC) in an unfavourable range prior to abi- 
raterone but 34% of these patients converted to a favourable CTC 
state after treatment. Abiraterone is a promising new hormonal 
therapy that appears to have significant benefit in patients with 
CRPC. Data from Phase I and Phase II trials have successfully 
demonstrated biochemical, radiologic, and modest clinical benefit 
from abiraterone treatment. Abiraterone is currently being tested 
in randomised Phase III clinical trials and the benefit to overall 
survival will be better determined. 


Sipuleucel 

Sipuleucel is an immunotherapeutic agent that uses a patient sown 
immune system to actively target prostate cancer cells. Patients 
first undergo leukophoresis and the mixed cell population obtained 
includes antigen-presenting cells (APC) which are cultured ex 
vivo and incubated with a recombinant fusion protein of the 
antigen PAP and the cytokine granulocyte/macrophage colony 
stimulating factor (PAP-GM-CSF). PAP is expressed in 95% of 
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prostate cancers and GM-CSF is a leukocyte growth factor. The 
cells are then infused into the patient three or four days after 
initial leukophoresis. The vaccine has been tested in three separate 
randomised, double-blind, placebo-controlled multicentre trials. 
Results of the IMPACT trial were recently published in the New 
England Journal of Medicine and have demonstrated a median sur- 
vival benefit of 4.1 months for men treated with sipuleucel versus 
placebo. The actual time to objective disease progression, however, 
was not significantly different between placebo and study-treated 
patient groups. This observation had been previously reported 
in other trials using sipuleucel and it has been suggested that 
this is secondary to delayed anti-tumour response after active 
immunotherapy relative to objective disease progression which 
occurs early in castrate-resistant prostate cancer patients. Over- 
all, the drug appeared to be well tolerated by patients with the 
only adverse effects reported being secondary to cytokine release, 
such as fever, chills, and fatigue. Treatment with sipuleucel did 
not preclude subsequent treatment and in fact, the majority of 
patients treated with sipuleucel in the IMPACT trial went on to 
receive docetaxel. The authors of the study found no evidence that 
docetaxel treatment confounded the results of the IMPACT trial. 
An advantage of this drug is that only a single treatment should be 
necessary. 
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